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PREFACE. 



TaK object of the following Work differs from that of all 
' other works on popular Bcience in its attempt to meet the 
wants of the Student, while meeting those of the general 
reader, who is supposed to be wholly unacquainted with 
anatomy and physiology. The many excellent Treatises 
which exist are only suited to the advanced student ; they 
assume a knowledge, and a facility of apprehension, which 
1 only issue from a practical familiarity with the suh- 

The remembrance of my own wants and difficulties led 
' me, many years i^o, to the belief that the work which was 
really the most suitable for general culture, would also be 
of material assistance to the Student. Accordingly, although 
there are many topics, interesting and important to the 
physiolc^iat, which find no place in this work, because they 
are without the range of general culture, I have done my 
best to render the exposttion of all the topics selected, on 
a level with the science of our day. 

In pursuance of this object I have been forced to depart 
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PEEFAOE. 

)m the practice of other popular writers, who 
consider themselves bound to act aa " middle-men " between 
scientific authorities and the public, and to expound facts and 
doctrines as they find them. I could not adopt this easy 
and convenient plan. I could not bring myself to publish, 
on the authority of respected names, statements which I 
knew to be false, and opinions which I believed to be er- 
roneous. After having laboured earnestly to get at the 
truth, it would have been disloyal to contribute in any way 
to the spread of what I believed to be error. All that I 
felt bound to do, was to state impartially the facts and opin- 
ions current among physiologists ; and, when those opin- 
ions seemed inadmissible, to state the reasons for their 
rejection. There is therefore a great deal of criticism, and 
much original matter in this work, 

n the chapters on the Nervous System that the great- 
it of dissent from current opinions will be found ; and 
a there that the reader will most probably feel the greatest 
difficulty in agreeing with me, especially if he be versed in the 
doctrines of the schools, and not very familiar with the sub- 
jects through direct observation and experiment. I can only 
say that the views there put forth are the result of very consid- 
erable research, embracing niolluHCs, bees, beetles, spiders, 
locusts, crabs, fishes, frogs, tritons, lizards, chickens, moles, 
ice, rats, cats, dogs, sheep, pigs, calves, oxen, and men. 
The literature of each subject has been given with as 
much fulness as seemed useful ; and never at secondhand, 
K unless specially acknowledged. The deficiencies in this re- 
^^ spect will be found greatest in the English department ; the 
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FBEFAC3E. Vll 

reason of which is that my purse is not long enough to com- 
mand the Transactions, Journals, and Reviews in which my 
countrymen have recorded their labours ; and I have not 
the advantage of commanding a public library. It has been 
my desire to render every one his due ; but of course a 
great many claims have been passed over in ignorance. 

Morehj 1860. 
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PHYSIOLOGY OF COMMON LIFE. 

CHAPTEE L 

HUX6EE AND THIEBT. 
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HoNaEit is one of the beneficent and terrible inetinctB. 
It is, indeed, the very fire of life, anderlying all impulses to 
labour, and moving man to noble activities by itfi imperiona 
demands. Look where we may, ve see it as the motive 
power which sets the vast array of human machinery in ac- 
tion. 

It is Hunger which brings these stalwart nawlea to- 
gether in orderly gangs to ont paths through mountains, to 
throw bridges across rivers, to intersect the land with the 
great iron ways which bring city into daily communication 
with city. Hunger is the invisible overseer of the men who 
are erecting palaces, prLson-bouses, barracks, and villas. Sun- 



gcr aits at tho loom, which with etealtiiy power ia weaving 
the wondrous fabrics of cotton and Bilk. Hunger laboura at 
the furnace and the plough, coercing the pative indolence of 
man into strenuous and incessant activity. Let food be 
abundant and easy of access, and civilization bccomea impos- 
sible : BO indissolubly dependent are our higher efforts on 
our lower impulses. 14'otbing but the necessities of food will 
force man to that labour which he hates, and will always 
avoid when be can. And although this seems obvious only 
■when applied to the labouring classes, it is equally though less 
obviously true when applied to all other classes, for the 
money we all labour to gain ia nothing but food, and the 
surplus of food, which will boy other men's labour. 

Hunger, although benefioent, is no less terrible. When 
its progress is unchecked, it beeomea a devouring flame, de- 
stroying all that is moat noble in man. Hunger is a stimu- 
lus to crime, no less than to honest labour. It wanders 
through dark alleys, whispering desperate thoughts into 
eager ears; and it mad den a the shipwrecked crew till they 
cast away all shame, all pity, all desire of respeot, and per- 
petrate deeds which cannot he mentioned without horror. 
Hunger eubjugates the humanity in man, and makca the 
brute predominate. Impelled by this ferocious instinct, men 
havp oaton their companions, and women have even eaten 
their own children. Hunger has thus a twofold character : 
beside the picture of the activities it inspires, we must also 
contemplate the picture of the ferocities it evokes. 

What is thia Hunger — what its causes and effects ? 

In one sense we may all be said to know what Hunger 
is; in another sense no man can enlighten us; we have all 
felt it, bat Science as yet has been unable to furnish any suf- 
ficient explanation of it. Between the gentle and agreeable 
stimulus known aa Appetite, and the agony of Starvation, 
there are infinite gradations. The early stages are familiar 



n to the wealthy ; but only the rery poor, or tiioac wlio have 
nudergoBO exceptional calamities, euoh as shipwreck and the 
like, know anything of the later stages. We all know what 
I to be hungry, even very hungry ; but the terrible ap- 
I preaches of protracted hunger are exceptional experiences. 
From materials furnished by sad experiences, both familiar 
and exceptional, I will endeavour to state the capital phe- 
nomena and thoir causes. 

And first we must explain what is meant by a tissue, as 
the word will be of constant recurrence in these pages. Pre- 
vious to the time of Bichdt, who may be called the founder 
of philosophical anatomy, the body was considered as made 
up of various parts or organs; when these parts had been 
enumerated, the task of description was over. Bich&tflasbcd 
light upon the science when he showed that the organs them- 
eelTCs were raado up of various tissues, or elementary strue- 
I tnres, each of which preserved its charaeteristio properties in 
[ ■whatever part of the body it might be found. Thus the 
heart] for instance, is an organ constructed out of muscular 
tissue, connective tissue, nervous tissue, and adipose tissue — 
each of these tissues manifesting the same properties in the 
heart which it manifests in every other organ ; just as the 
various substances out of which a ship is constructed — wood, 
hemp, copper, iron, tar, &c. — preserve their characteristic 
properties, though the wood may be rudder, deck, or mast, 
I sTid the iron anchor, nail, or cable. 

I The tissues are the elementary portions of the animal 

p ifebric ; and a distinct branch of the science is devoted to 

ttieir study under the name of Histology, also called General 

Anatomy. The organism is composed of organs, and the 

organs of tissues. 
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L The CAiraB of Hunger. — In every living organism there 
an incessant and reoiproeal activity of icasio and repair. 



4 mjSGEK AND THIKST. 

The living fabric, in the very actions which constitute its life, 
is momently yielding up its particles to destruction, like the 
coal which is burned in the furnace : so much coal to so much 
heat, 80 inuch waste of tissue to bo much vital activity. You 
cannot wink your eye, move jour finger, or think a thought, 
but some minute particle of your substance must be sacrificed 
n doing so. Unless the coal which is burning be from time 
to time replaced, the fire soon smoulders, and finally goes 
out ; unless the substance of your body, which is wasting, be 
from time to time furnished with fresh food, Life flickers, and 
at length becomes estiuct. 

Hunger is the instinct which teaches us to replenish the 
mpty furnace. 

But although the want of food, necessary to repair the 
waste of life, is the primary cause of Hunger, it does not, as 
is often erroneously stated, in itself constitute Hunger. The 
absence of necessary food causes the sensation, but it is not 
itself the sensation. Food may be absent without any sen- 
sation, such as we express by the word Hunger, being felt : 
insane people frei^uently subject themaelves to prolonged ab- 
stinence from food, without any hungry cravings ; and, in a 

3r degree, it is familiar to us all how any violent emotion 
of grief or joy will completely destroy, not only the sense of 
Hunger, but our possibility of even swallowing the food 
which an hour before was cravingly desired. Further, it is 
known that the feeling of Hunger may be allayed by opium, 
tobacco, or even by inorganic substances introduced into the 
stomach, although none of these can supply the deficiency of 
food. Want of food is therefore the primary, but not the 
prozimate, cause of Hunger. I am using tho word Hunger 
in its popular sense here, as indicating that specific sensation 
which impels us to eat ; when the subject has been more fully 
mfolded, tho reader will see how far this popular sense of the 
word is applicable to all the phenomena. 
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We can now understand wlij Hunger should recur pe- 
riodiaally, and with a freqaency in proportion to the demanda 
of nutrition. Young animals demand food rooro frequently 
than the ndult ; hirda and mammalia more frequently than 
reptiles aud fishes. A lethargic hoa- constrictor will only feed 
fthout once a month, a lively rabbit twenty times a-day. 
Temperature has also its influence on the frequency of the 
recurrence : cold excites the appetite of warm- blooded ani- 
mals, but diminishes that of the cold-blooded, the majority of 
which cease to take any food at the temperature of freezing. 
Those warm-blooded aoiroals which present the ouriona phe- 
nomeiton of " winter sleep," resemble the cold-blooded ani- 
mals in this rospcct ; during hybernation they need no food, 
because almost all the vital actions are suspended. It is 
found that, at the temperature of freezing, even digestion is 
suspended. Hunter fed lizards at the commeneeroent of 
winter, and from time to time opened them, without pereeiy- 
iug any indications of digestion having gone on ; and when 
spring returned, those lizards which were still living, vomited 
the food which they had retained undigested in their stomachs 
during the whole winter.' 

Besides the usual conditions of recurring appetite, there 
are some unusual conditions, depending on peculiarities in 
the individual, or on certain etatea of the organism. Thus 
during convalescence after some maladies, especially fevers, 
the appetite is almost incessant ; and Admiral Eyron relates 
that, after suffering from a month's starvation during a ship- 
wreck, he and his companions, when on shore, were not content 
with gorging themselves while at table, but filled their pockets 
that they might cat during the intervals of meals. In cer- 
tain diseaseB there is a craving for food which no supplies al- 
Uy * but of this we need not speak here. 
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The animal body is often compared with a steam-engine, 
of wbioh the food ia tho fuel in the farnaee, furniBliing the 
motor-power. As nn illustration, thia may be acceptable 
enough, but, like many other illuatrations, it ia often accepted 
for a real analogy, a true expression of the facta. As an 
analogy, its failure is conspicuous. No engine burna its oicn 
substance as fuel : its motor-power is all derived from the 
coke which ia burning in tho furnace, and is in direct propor- 
tion to the amount of coke consumed ; when the coke ia ex- 
hausted, the engine stops. But every organiam consumes its 
own body : it does not bum food, but tisane. The fervid 
wheels of Life were made out of food, and in their action 
motor-power is evolved. 

The difference between the organism and the mechanism 
is this : the production of heat in the organism is rot the 
cause of its activity, but the result of it; whereas in the 
mecbaniam, the activity originates in, and ia auatained by, 
the heat. Remove the coiils which generate the steam, and 
you immediately arrest the action of the mechanism ; but 
long after all the food has disappeared, and become trans- 
formed into the aolida and liquids of the living fabric, the or- 
ganism continues to manifest all the powers which it mani- 
fested before. 

There is of course a limit to this continuance, inasmuch 
as vital activity ia dependent on the destruction of tissue. 
The man who takes no food, lives, like a spendthrift, on hie 
capital, and cannot survive his capital. He is observed to 
get thin, pale, and feeble, because he is spending without re- 
plenishing his coffers; he is gradually i/nponeris/iiwy him- 
self, becaase Life is waste. 

IL The Effects or Hunoeb. — In a future chapter we 
phall inqitire minutely into the structure and composition of 
the Blood; for tho present, it must suffice to aayihat the 




Blood carrier in its current 
certain bodies called blood- 
disca, which perform the chief 
part in nutrition. They are of 
two kinds, the red and the co- 
louriesa. Ilero is the figure of 
the red discs, as seen under 
the microscope. 

If we examine the blood of 
a starving man, wc shall find 
its elomentarj composition to 
be precisely similar to that of Blood-Ducb. 

tbe same man in bis healthy state, but the proportions of 
that composition will be greatly altered ; the discs — which 
have been denomiuated tlic nutritive solids of the blood — are 
much diminished in quantity, and all its inorganic constitu- 
ents, which are the products of destroyed tissues, arc much 
increased. In fact, these inorganic products, like the pawn- 
tickctfi found iir tie spendthrift's desk, are significant of the 
extravagance and the poverty which point to ruin. 
- We cannot say how long such a spendthrift life may con- 
tinue, because Time has no definite relation to the phcnomcsa 
of starvation ; these phenomena depend on certain specific 
obanges going on in the body, which mny occur with indefinite 
rapidity. Within the same period of time the whole cycle of 
change necessary for destruction may have completed itself, or 

y a few of the stages in this cycle may have been gone 
through : a man under certain conditions will not survive six 
days' fasting ; under otberconditionsho will survive six weeks'. 

But if we cannot with any precision say how long 
starvation will be in efiecting its fatal end, we can say how 
much waste is fatal. From tbe celebrated experiments of 
Chosaat on Inanition,* it appears that death arrives when- 

:noiaiT: Stelitr<^ieaJlirpMmi^talaaiH-rina»lliB«. 1S4S. 



8 IIUSGKR AND THIRST. 

ever the waste reaches an average proportion of two-fiftlia 
That ia to say, Bupposing an animal to weigh 100 Ih., it will 
encciimh when ifa weight is reduced to 60 lb. Life may of 
couTBe cease hefore that point ia reached, hut cannot, in 
ordinary oircurastanees, he prolonged after it. 

The average loss wliich can be sustained is 40 per cent. ; 
sometimes the loss is greater, CBpecially if the animal be 
very fat : thus, in the Transaations of the Linnaan Society, 
a case is reported of a fat pig which was buried under thirty 
feet of chalk for one hundred and sixty days ; his weight 
fell in that period no less than 75 per cent. Curiously 
enough, as an illustration of what was just said respecting 
Time not being an imlex of the amount of change, fishes and 
reptiles wore found by Chossat to perish at precisely the 
same limit of weight as that at which warm-blooded animals 
perished, hut they required a period tbree-and-twcntj times 
as long to reach it in : thus if the experiment be performed 
of starving a bird and a frog during the warm weather, 
although both will perish when their loss of weight reaches 
40 per cent., the one will not survive a week, tie other will 
survive threc-and-twenty weeks. 

It appears from Chossat'a observations that the animal 
body daily wastes one twenty-fourth of its entire weight ; 
and tJiis accords very closely with the experiments of Bidder 
and Schmidt, which show that the animal requires at least 
one twenty-third of its entire weight in daily assimilable 
food, otherwise it will lose in BubBtanoe.* 

III. PnoLONGBD FASTnia. — Having clearly fiied these 
principles, we may proceed to consider the many remarkable 
cases of prolonged fasting which appeal to the credulity 
af the public, and which fiod a place ei-cu in very grave 
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treutisoB, as well 03 iu the leaa critical columns of news- 
papers. Are we to believe these marvels, or reject them ': 
and on what grounds are we justified in rejecting them ? 
Sueli questions the reader will frequently be called upon to 
answer ; and as a contribution towards the formation of u 
definite and philosophical judgment, here are some of the 
most striking cases on record, and the physiological prin- 
ciples implied in them. 

The human body is in many respects bo different from 
that of animals, especially in its complesity, that we can 
draw no very accurate eonelusion from iheir powers of en- 
during abstinence ; but after all, the differenecs wilt only be 
differences of degree, and the same physiological laws mnst 
regulate both, so that we may be certain of the effect of 
abstinence on man not being essentially dissimilar to that 
on all other warm-blooded animals. 

Let «3 therefore first see how the case stands with ani- 
mals. The experiments of Pommer establish that carniv- 
orous animals rcaiat starvation longer than the lierbivo- 
roua; birds of prey longer than birds feeding on seeds and 
fhuts. 

I think we might a priori have deduced this conclusion 
ttam the known differences in the intervals of recurring 
Hunger, and in the different quantities of food eateu by the 
two classes. The carnivorous animal eats voraciously when 
s within reach, but having satisfied his appetite, he re- 
inaina several hours befbre again feeling hungry ; and in a 
Btate of nature the intervals between his meals are neces- 
sarily variable, and often much prolonged, because his food 
a neither abundant nor easy of access. The hcrhivorona 
animal, on the other hand, has his food constantly within 
reach, and is almost always eating, because an enormous 
amount of vegetable food is needed to furnish him with sus- 
The lion, or the cat, becomes bured to long 
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abstJDcnce ; the rabbit or the cow scarcely knows the feel- 
ing. It ia clear, therefore, that the one will better endoro 
long fustlog than the other. 

Cboasat'a espcriments on. eight-and-fortj birds and ani- 
mals, ahow that the average duration of life exceeded nine 
days and a half — the masimnm being twenty days and a 
half, the minimum a little more than two days. 

The young alwaya die first, the adult before the aged; 
this is true of men as of animals. 

Sonie of the simpler animals exhibit remarkable powers 
of eoduranee. Latreillo pinned a spider to a cork, and after 
foor months found it still alive. Baker kept a stag-beetle 
three years in a box without food, and at the end of that 
period it flew away. Mailer relates that a scorpion not 
only survived the voyage from Africa to Holland, but con- 
tinued without food for nine months afterwards. Rondelet 
kept a fiah three years without food, and Hudolphi a I'ro- 
teus anguinevs five years! Snakes, wcbnow, live for many 
months without eating; and Kedi found that a seal lived, 
out of water and without food, four weeks. 

In all these eases, except that of the fiah kept by Ronde- 
lut, the animals were quiescent, and did not waste their Bub- 
Etanco by the ordinary activitios ; and with regard to the 
fish, some doubts may be entertained whether it did not find 
worms and larvEo in tbe water. 

Passing from animals to man, we find that death arrives 
on the fifth or sisth day of total abstinence from food and 
drink. But this is a general statement to which various ex- 
ceptions may be named. Much depends on the peculiar 
constitution of the individual, his age, health, and other 
conditions. Some die oa the second and third days ; others 
till the tenth, eleventh, and even sixteenth days. 
Again, considerable difTcrcnecB will result from the different 



sitnatious ic which the men are placed — Bucb as thoae of 
quieacenoe or activity, of temperature, moistiire, ifcc. 

The esamples of protracted fasting reeoriled are, sis uauaL 
deficient for the most part in tliat rigorous authenticity which 
is demanded by science; many of them are obviously fabulous 
exB^erations, M. Birard has borrowed the following from 
HalJcr, adding some cases which came under his own knowl- 
edge. I give them as specimens — not as data. 

" A young girl, ashamed to confess ber poverty, went 
without food for seventy-eight days, daring which she only 
sucked lemons. 

" Another woman of the game place remaioed four months 
without food, and another fasted a whole year, 

" Haller reports two other eases of fasting for three and 
four years. 

" Mackenaie reports in the Philosophical Transactions 
the atory of a young girl who had lockjaw for eighteen years, 
and had taken no food during four years. 

" A Scotchwoman is reported in the Pkilosopkieal Trans- 
actions, vol. Isvii. to have lived eight years without taking 
anything except a little water on one or two occasions. 

" A ease of fasting for ten years is celebrated in many 
works. Fabrics de Hilden, who took precautions against 
deception, says that Eva Flogen neither ate nor drank during 
six years. 

" But all these stories are surpassed by that of & woman 
who remained fifty years without food; it is added, however, 
that she sometimes took ekimmed milk." 

"Admitting," says M. Berard, "that there has been 
deception in some of these cases, and that the love of the 
matrelloas has presided over the narration of others, we can- 
not refuse to believe that some are authentic. Every year 
each cases are registered. In 1836, M. Lavigne invited me 
to visit a woman of fifty-two, who, after having reduced herself 
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to B. glass of milk daily during eighteen montha, had taken 
nothiug in the sLap3 of food or drink during the last five 
mostba. In 1839, M. Farizot communicated to me the fact 
of a girl at Marcllly who had taken no solid nutriment for 
six years, and for the last five years no liquid or solid. In 
183S, M. Flougeau wrote to me to say that be had seen a 
woman at Arena, aged cight^and-forty, who during the last 
eight years bad received no nourishment whatever." * 

It is rather startling to find so learned a physiologist as 
iS.. £erard recording such cases, and trying to explain them. 
The possibility of deception and exaggeration is so great, 
that ve are tempted to reject almost every one of these cases 
rather than reject all physiological teaching. 

The following is one of the moat extraordinary of the 
casiK whioh are repeated hy modern writers with confidenoe, 
Janet M'Leod, after epilepsy, and fever, remained five years 
in bed, seldom speakingPnad receiving food only by con- 
straint. At length she obstinately refused all sustenance, 
her jaws became locked, and in attempting to force them 
open two of her teeth were broken. A sraall quantity of 
lii^uid waa introduced by the aperture, none of which she 
swallowed, and dough made of oatmeal waa likewise rejected. 
She slept muohf and her head was bent down on her breast. 
In this deplorable state she continued four years, without her 
relatives being aware of her receiving any aliment except a 
little water; but after a longer interval she revived, and 
subsisted on crumbs of bread with milk, or water auoked 
from her hand. 

Attention is called to the two facts of Janet's seldom 
speaking and sleeping much, because, supposing the case to 
be tme, they materially affect the (jneation. In a state of 
such quiescence as is here implied, the waste of the body 
would be reduced to a minimum, conactiuently the need of 
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food would be miTiiniiBed. NcTertheless, in the present state of 
Physiology, I thiuk we uro justified in asBcrtiiig tliat some 
deception or exaggeration, not now OBoertainithle, ia at the 
bottom of this as of all similar cases ; and until a case tret 
from all suspicion shall have been produoed for the satirfao- 
tion of Science, we are bound to deny the probability of such 
atoriea; since that which all our knowledge shows to be in 
itself contradlotory, must necessarily have the highest im- 
probability, and can only bo accepted on the most rigorous 
evidence. Either we must give up our Physiology altogether, 
or we must rqoct these stories. 

For observe, on the one hand, several of the reported cases 
of long feating have been subsequently proved to be impos- 
tures, and this naturally throws a suspicion over all similar 
cases. On the other hand, physiological laws, established 
by induction from thousands of facts tested by every variety 
of method, pronounce these cases to be not possible; and we 
are called upon to decide whether it is more probable that 
these inductions should be wrong, or that some imposture or 
exagger^iou should lie at the bottom of the narrated mar- 
vels. There cannot be a moment's hesitation as to which 
alternative we must accept ; but the reader will naturally 
desire a clear conception of the physiological contradictions 
which I havo asserted to be implied in these marvellous 
nacratives — the more so as many professed physiologists do 
not seem to he fully aware of them. 

Supposing the wasie of the body to he reduced to a mini- 
mum by the perfect quiescence in which the patients remained, 
we must Btitl bear in mind that this diminuiion ia not total 
arrest of waste. The patient scarcely moves, seldom speaks, 
and sbeps much. Yery little destruction of tissue will take 
place, compared with tho amount destroyed by the same per- 
son in ordinary activity, and very little food will be needed 
to r^iair such waste ; but although comparatively small, the 
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amouut of waste will be absolutely large ; we cannot say 
how large it will be, we ea.ii only say that it must be large. 

Let us fix our attention on only two aourees of this waate, 
and the proof will be evident. The production of animal 
heat is only possible throngfa a large amount of chemical 
change going on in the organism ; it is produced by " direct 
Qombustion " (according to the chemioal school of physiolo- 
gists), by " the disengagement of heat in chemical composi- 
tions and decompositions " (according to another school), and 
according to all schools the high temperature of the body 
depends on organic processes, which necessarily imply waato 
of tissue. The warmth of the bed in which the patient lies 
is not sufficient to preserve her temperature at its proper 
height ; she must burn her own substance to keep up her 
animal heat ; and when we think of the high degree of tem- 
perature maintained during a period of four years, solely by 
the combustion of the body itself, wo shall see at once that 
it is utterly i?npossiWe any organism, during so long a period, 
oonld sustain such waste without repair. 

Hero, then, is the dilemma : either Janet M'Leod did 
maintain the ordinary temperature of the body during these 
four years, in which case she must have destroyed more tissue 
to piodace that heat than the body could lose without cessa- 
tion of life ; or she did not maintain the ordmary tempera- 
ture, in which case she would have died from the very want 
of this animal heat, since all organisms perish when their 
normal temperature is considerably lowered. 

Let us now consider the second source of waste, Janet 
breathed during these four years : gently, we may suppose, 
and with no deep inspirations, yet constantly, day and night 
without interruption. Now, what does this breathing depend 
on ? It depends on the constant interchange between car- 
bonic acid in the blood, and osygen in the air. Unless there 
were oarbonic acid in the blood, no exchange could tako 
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pUoe, no breathing coald be effected.* Every moment, 
therefore, some small portiea of carbonic acid must be sepa- 
rated from the blood, and replaced by oxygen. Whence 
came this curbonio acid ? From destruction of tissue. Di- 
rectly, or indirectly, carbonic acid was produced in the act 
of waste. Its presence implies waste, and the act of breath- 
ing implies a continuons supply of such waste. 

That this is no hypothesi!, but the simple espression of 
the facta, every physiologist knows. It may bo rendered 
generally intelligible by referring to what is observed with 
the hybernating aaimak. The dormouse begins its winter 
Bleep well clothed with fat. It never moves for months; 
its respiration is slow and feeble, but it does breathe, and 
the waste of its tissues which this breathing causes is very 
noticeable at the close of winter. Now, if we suppose Janet 
to have been in a state of " suaponded vitality " analogous to 
that of the dormouse, we shall still have to admit that her 
breathing alone would gradually waste her substance ; and 
however slow thut waste may be suppoaed, it cannot have 
been such that four years would not have exhausted the 
whole amount of available material. Every time she moved 
in bed, every time she spoke, every time she raised her hand, 
the rate of waste would be accelerated. 

It is found that a slug kept without food loses one-olev- 
enth of its weight in sis weeks. We cannot admit that, 
i bedridden girl, the vital activity would be slower 
than in a slug ; and we know from Chos^at's experiments that 
the loss of two-fifths of their weight destroys all animals. 

From these general considerations, which might be mul- 
tiplied, I affirm that unless all Physiology is a delusion, the 
marvellous stories of four years' fasting, and the like, aro 
impostures; and this afKrmation is strengthened by all the 
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cases in wbich the luotiTC aad pOEsibility of deception are 
eliminated. Thus when men have volantarily starved them- 
selves to death, they have never survived three months. 
Granie, who murdered his wife, starved himself in the prison 
of Toulouse, and expired on the sixty-third day, during which 
time ho drank water, and occasionally ato a little. The reli- 
gions enthusiast, whom Dr. Willan refers to, lived only two 
months, although he ocaasioually sucked an orange. 

These men only survived thus long, hecause in abstain- 
ing from solid food, they did not also abstain from liquid. 
Life is considerably prolonged if liquid be taken. Kedi 
found that birds kept without water as well as food lired 
only nine days ; those to whom he gave water liTcd twenty 
daya* I cannot, however, agree with those physiolo^ts 
who, like Burdach and Burard, attribute this sustaining 
power of water to the organic particles suspended ia it, be- 
cause such an amount must necessarily be quite inadequate 
to supply the loss of an organism whose waste is rapid ; and 
wu must remember ttiat an animal dies of Tliint even more 
rapidly than of Hunger ; so that when water is withheld, the 
death is hastened by the complication of two causes. Now 
Janet M'Lcod, and other persons said to have lived without 
food or drink, were under the pressure of these two causes, 
and sustained that pressure, we are told, four years ! 

We are thus forced to reject all narratives of absolute 
fasting prolonged over three months. 

Having considered the effects of total abstinence, wo may 
DOW inquire into the effects of partial abstinence. 

An animal deprived of food perishes whenever its loss of 
weight reaches a certain point ; and, curiously enough, in- 
sufficiency of food causes death at precisely the same point 
BS total want of food, i. o. aa soon as the original weight is 
reduced to sixth-tenths. Men, therefore, reduced to an in- 
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sufficient allowanca, whether from ffLtninc, shipwreck, or Biege, 
will inevitably periah unlesa tha allowance be increased ; it 
will be as if they had received no food at all, only they will 
be longer before they snecumb. An important lesaon ia con- 
tained in this fact, and one which should never be forgotten- 
in the luanagement of prisons, schools, ot workhouses. 



IV. Aspects or STAitVAiroN. — Terrible are the aspects 
of starving men ; and it is well that we should know these 
aspects, lest we be the dupes of impostors, or confound the 
truly wretched with the professional mendicant. The first 
noticeable point is the excessive thinness of starving men, 
which 13 not the leanness of lean men, but manifests itself as 
nnmiatakable emaciation. The face is always lividly pale, 
the cheeks are sunken, the eyes — what an expression in the 
eyes! never to be forgotten by those who have once seen it: 
all the vitality of the body eeenia centred there, in feverish 
brightness; the pnpil is dilated, the eye is fised in a wild 
stare, which ia never veiled by the winking lida. All move- 
ments of the body are slow and difficult : the band trembles ; 
the voice is feeble; intelligence seems gone; the wretched 
isafierers, when asked what they feel, have but one answer, 
"We are hungry." 

There is one remarkable fact with reference to starvation 
which may here be noted, and that is the resistance opposed 
by the nervous substance to the effects of emaciation. In- 
stead of being the first to suffer from deficient food, as its 
complexity and the lateness of its appearance in the animal 
aeries would lead us to suppose, the nervous tissue is the last 
to be affected. From the experiments of Chosaat we learn 
that, in every 100 parts of eaoh of the following substances, 
93 are lost of the fat, 52 of the Jiver, 42 of the muscles, 16 
of the bones, and only 2 of the ncrve-substancc, by the time 
iitarvation has terminated in death. The idea of our solid 



bones, principally composed of inorganic matter, losing eight 
times as mucli as our semi-liquid nerves, wLich are ao pre- 
dominantly organic in their Btructnre, will seem very para- 
doxical; and the paradox is increased when we learn that, in 
Bpite of fat heing beyond all proportion the most destructible 
tissue in the body, Von Bibra finds the fat in the brain 
soareely affected in starvation, although the fat in the nius- 
cles has been greatly wasted.* 

It is this which enables us hypothetically to explain the 
sleeplessness of men and animals suffering from hnngcr. A 
starving man baa been known to remain seven days and 
nights without sleep. This nervous excitability, which often 
manifests itself as delirium, probably arises from the disen- 
gagement of the brain from those organic activities which iu 
the normal state call so largely on its energies ; for the ener- 
gies of the brain are not expended only on intelligence and 
emotioQ] but Utewise, and to a great extent, on the funotiona 
of nutrition and locomotion. Considering the nervous sys- 
tem as a centre or fountain of influence, we may detect three 
streams iu wiiicli the influence flows — a nutritive stream, a 
locomotive stream, and a sensitive stream. If the demand 
from the nutritive stream be large, the supply to the sensi- 
tive and locomotive streams will be proportionately reduced. 
Deep thought, or anxiety, disturbs the digestion and circula- 
tion ; violent and protracted exorcise, amounting to fatigue, 
incapacitates for thinltiug : the habitually trained athlete is 
nearly an idiot, the over-eater little better. When, there- 
fore, a man is starving, the amount of. nervous activity usu- 
ally expended on his nutritive system is disengaged; and as 
his feebleness diminishes hia muscular activity, the amount 
of nervous influence usually expended on locomotion is re- 
duced, leaving the brain, with all this surplus activity, to 

•CiBSiin: .'j/irejitWtAf.lSM.p.llS. 



AGONIES OP STARVATION. 19 

r ptey Tipon iteolf : sleeplessness and madness naturally result 
from tbla over-excitement. 

. Agonies op Stakvation, — Respecting tlie agonies 
endured by starving raen, we have littlo accurate informa- 
tion. When those who have undergone the horrors of 
starvation arc preserved, and attempt to recount theni, they 
cannot do more than give vague iudieations ; for there is 
nothing more difficult to describe than the Gcnaatious of the 
digestive organs, even during the continuance of the sensa- 
tion; and how difficult it ia to describe them when past, 
may be conceived by any one who attempts to do so In his 
own cose. Most of the narratives wo have are recorded by 
men little aocustomcd to analyze their sensations, and we 
must bo content to fix our attention on the general charac- 
teristics of these narratives. From these cases two may be 
selected. 

Goldemith saya that the captain of a wrecked vessel told 
him that "he was the only person who had not lost his 
eenaes when they received accidental relief. He assured me 
his pains at first were bo great that he was often tempted to 
eat a part of the men who died, and which the rest of his 
crew actually lived upon. He said that, during the continu- 
anoe of this paroxysm, he found his pains insupportable, and 
was desirous at one time of anticipating that death which ho 
thought inevitable. But his pains gradually ceased after 
the sixth day (for they had water in the ship, which kept 
them alive so long), and then ho was in a state rather of lan- 
guor than desire ; nor did ho much wish f f d x pt 
I when he saw others eating. The latter pa f he m 
' when his health was almost destroyed, a tl u and a n 
images rose upon his mind, and every one of h s n bo 
gan to bring him wrong information. When 1 w p t- 
ed with food by the ship's company that to k h m up h 
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could not Lclp looking at it with loathing instead of desire , 
and it was not till after four days that his stoinaah was 
brought to ita natural tone, when the violence of his appetite 
returned with a sort of canine eagerness."* 

It will doubtless seem rery strange to the uninitiated 
that a man after prolonged fasting, when his system is in 
such need of food and his appetite bo keen, should be never- 
theless in no proper condition to eat that food, and caa only 
arrive at the proper condition by degrees, by eating a little 
at a time. The fact is, however, that, like all other organs, 
the stomach suffers for want of regular work. In fasting, 
the glands no longer secrete ; the blood quits the stomach ; 
the regular activity ia interrupted ; and when food again 
calls upon the stomach to do its old work, there is not the 
old vigour at command. Gradually the stimulus of food re- 
calls the vigour of the secreting glands, and then appetite may 
be safely indulged. 

The neit ease is peculiarly valuable, as being the daily 
record of a man who voluntarily starved himself. He waa 
a merchant, whose losses so preyed upon hia mind that he 
resolved on suicide ; and after roaming about the country 
from the 12th to the 15th of September, 1818, he dug him- 
self a grave in the wood, and remained there till the 3d of 
October, when he waa found, atill living, by an innkeeper. 
Hufeland, who records the case, says that, after an absti- 
nence of eighteen days, the man still breathed, bat espired 
immediately after a little soup had been forced down his 
throat. On his person they found a diary,' written in pencil, 
from which the following are extracts : — 

"Sept. 16. — The generous philanthropist who may find 
my corpse ia rec[uestcd to bury it, and to repay himself for 
•ho trouble by my clothes, my purse, my pocket-book, and 
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knife. I bare not committed Buicide. but I die of EtarvatioD 
because bad men hate deprived me of mj fortune, and I do 
not choose to be a. burden on my friends. It is unnecessary 
to open my body, since I have said I die of starvation. 

" Sept. 17. — What a uiglit I have passed I It has rained ; 
I am wet through, I have been so cold. 

"Se^i. 18. — The cold and rain forced me to get up and 
walk ; my wallt was very feeble. Thirst made me lick up 
the water which still rested on the mushrooms. How nasty 
that water was ! 

"Be^i. 19.— The cold, the length of the nights, the 
elightnesa of my clothing, which makes me feel the cold 
more keenly, have given me great suffering. 

" Sept. 20. — In my stomach there is terrible commotion; 
hunger, and, above all, thirst, become more and more fright- 
ful. For three days there has been no rain. Would that I 
Goald lick up the water from the mushrooma now 1 

" Sept. 21. — Unable to endure the tortures of thirst, I 
crawled with great labour to an inn, where I bought a bottle 
of beer, which did not quench my thirst: In the evening I 
drank some water &Dm the pump, near the inn where I 
bought the beer. 

" Sepi. 23. — Yesterday I o^uld scarcely move, much leas 
write. To-day thirst made me go to tho pump ; the water 
was icy cold, and made mo sick. I had convulsions until 
evening; nevertheless, I returned to the pump. 

" Sept. 26. — My lege seem dead. Eor three days I 
have been unable to go to the pump. Tbiriit increaacs- 
My weakness is snch that I could scarcely trace these lines 
l^to-day. 

" Sept. 29. — I have been unable to move. It has rained. 
My clothes arc not dry. No one would believe how much I 
Buffer. During tho rain some drops felt into my month, 
which did not quench my thirst. Yesterday I saw & peas- 
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nnt about ten yarda from me. I bowed to him. He re- 
tnrned my Balutation. It is with great regret I die. Weak- 
aeas and ooBvulaioiJS prerent my writing more, I feel this 

in the laat time " 

This pathetic case illustrates, as indeed all other cases 
do, the truth that Thirst is far more terrible than Hunger. 
The man's resolution was not strong enough to resist the 
desire for drink, yet he never seems to have faltered in his 
determination to refrain from food. It will be further 
noticed that he ceases to complain of the cold when thirst 
sets in fiercely, because then fever had also supervened. 

VI. Tub Sensation of HTrNOEK. — The sensation of Hnn- 
gor is at first rather agreeable, but it quickly becomes un- 
pleasant if prolooged. The senao of keen appetite is de- 
lightful, but that "sinking in the stomach" which ensues, 
quickly passes from an uneasy sensation into positive pain. 
The pain soon becomes acute ; and if food be still withheld, 
we feel as if the stomach were being torn by pincers. Tliia 
is followed by a state of general exhaustion, feverishu 
headache, lightrheadedness, often fiaming into madness. The 
whole being seems possessed by oue desire, before which 
even the energetic instinct of- maternity has been known 
give way, and mothers have aotually disputed with their 
companions for the flesh of their duod children. 

But let us avert our eyes from such scenes, and turn 
them OQ that of the eight colliers, who were shut up in a pit 
for oue hundred and tliirty-six hours.* The first day I 
shared between them half a pound of broad, a morsel of 
cheese, and two mugs of wine, which one of them had brought 
into the mine, and refused to keep for himself alone. Two 
of the men had eaten before descending into the mine, and 

• This aiBe ie iiiiotcd by Lohhit In his Tralli d» fiyHotoait, ISSI. 
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they generously declared that they should not die sooner 
than the others, and would not share the aniall supply of 
food. It is veiy temarkuble that theee men, who for tire 
days had no nourishment whatever, declared, when they 
were rescued, that their abstinence had not greatly incon- 
venienced them. If we knew more of the circumstances, we 
might perhops explain this now iuesplicablc fact. 

What causGB the SQOBation of Hunger ? 

It has been seen that the absence of food needed to 
repair the waste of tisaue is the primary cause ; but it has 
also been eeen that this primary cause may exist without 
the existence of that sensation known to us as Hungej. All 
animals need food, but we have no ground for supposing that 
polypes, jelly-fish, and other simpler animals destitute of a 
uorrous system, feel the sensation of Hunger ; we must 
therefore seek for some more prosimato cause of this seu- 
Eation. 

The popular notion is that Hunger arlaes from emptinenB 
of the Btomach, which emptiness, according to some physi- 
ologista, allows the walla of the stomach to rub against each 
other, and then the Iriction causes the sensation. 

It is easy to show the inaccuracy of this hypothesis, but 
two fdct^ will suffice hore : first, the stomach is always empty 
some time before Hunger is felt ; secondly, it may be empty 
for days together — in illness — without the slightest sensation 
of Hunger being felt. 

Another notion is that the gastric juice accumulates in 
the stomach, and attacks its walls. Such a cause would 
certainly be ample for the effect, and I know hut of one ob- 
jection to our accepting it, namely, that the fact on which 
the explanation reits is unfortunately a fiction ; the gastric 
juice does not accumulate in the empty stomach, but is only 
secreted after the stimulus of food. 

A more ingenious explanation Las been propounded by 



24 HUNGER AND TillEST. 

Dr. Beaumont, whose namo is always cited when Digestion 
is under discussion, because he was ecahled to cnricli science 
with many valnable obserratioos made on a patient who had 
a hole in his stomach, produced by a gunshot wound. 
" During the hours of fasting," says Dr. Beaumont, " the 
gastric juice is slowly being Becreted in the follicles' and 
retained in their tubes, thereby distending them : this dis- 
tension, when moderate, produces the sensation of' Appetite; 
when more powerful, of Hunger." 

There arc several analogies which give colour to this ex- 
planation. Thus, milk is slowly accumulated in the breast, 
and the sense of fulness, if unrelieved, soon passes into that 
of pain. But ingenious as the esplaoation is, a closer scru- 
tiny causes us to reject it. 

Out of many arguments which might be urged, I will 
mention only two — one anatomical, and one physiologioaL 
If the gastric juice were .accumulated in the tubes, there is 
no anatomical obstruction to its immediate passage into the 
gtomach, and the distension would at once be obviated (see 
Fig. 5). Nor have we any good ground for supposing that 
an accumulation does take place ; for Dr. Beaumont's argu- 
ment that it must take place, because it flows so abundantly 
on the introduction of food into the stomach, would equally 
prove that tears must bo accumulated in advaticc, because 
they gush forth so copiously on the first atimnhs of grief; 
or that saliva must be accumidated, because it Sows so Ireely 
whenever a stimulus is presented. 

While Dr. Beaumont's explanation wants an anatomical 
basis, it is still more directly at variance with the physiologi- 
cal fact, that when food is injected into the veins or the in- 
testines, the sensation of Hunger disappears, although the 
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Btotnach is ns empty ae it was before, and tliG tubes aa tits- 
tended ae tbey were before. 

The fiict lost uamed would dispose hh to belicTc tbat 
-want of food was, after all, tbe proximate &s well as the 
primary eauae of Hunger, did we not know that tobacco, 
opium, and even inoTganic subataneea, introduced into tlio 
Btomach, will remove the Bcnaatiou. In a succeeding chop- 
ter (see Food and Drink) we shall learn that tliere are na- 
tions who cat clay to allay their hunger ; and we all know 
how the firat mouthful of food takes away the sharpness of 
the sensation, although two or three hours inust elapse be- 
fore the food will really have eniervd the body. For we 
must remember that food in the stomach is as much outside 
the organism as if it were in the hand. The digestive canal 
is nothing bat a folding-in of the general envelope, like the 
inverted finger of ag!ove; and until the absorbent vesaeh 
carry the food from the stomach into the circulating system, 
the food remains outside. 

Here, tiien, are two noticeable facts ; we may relieve tho 
eensation of Hunger without directly acting on the stomach, 
tbe mere supply of food to tho blood auffieing; and we may 
relievo the aenaation simply by acting on tho stomach, tho 
want of food being as great as before. Do not these facta 
indicate that Hunger must be related to the general state of 
the Bystem, and to the particular state of the stomach ? If 
33 regard the subject in this light, we shall bo easily 
led to perceive that although the general state of the system, 
nnder deficiency of food, is the primary causa of Hunger, it 

Iia only so in as far as it produces a certain condiiion of ihe 
stomach ,- and this condition of the stomach is the proximatt 
cause of the Bensatioa. 
I think this mode of viewing it will estricate ua from 
tli6 difficulties which have been brought forward in the many 
dtBcussioaa as to whether the stomach, or one part of tha 
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nervous Bjetein, is the seat of Hunger. The stomaoL is i 
seat of tlie sensation, jnst as the eyea are the seat of the s 
sation of sleepiness : the general state of exhaustion can 
the eyea to droop heavily, and the general state of the system 
causes the stomach to produce the sensation of hunger ; and 
as in sleepiness we may relieve the sensation by bathing the 
eyes with cold water, yet this will not relieve the general 
exhaustion ; so ia hunger, we may relieve the sensation by 
opium, or even claj, hut this will not relieve that general 
state of tlie system which, produced the sensation. 

It is evident that the general state of the system must 
be felt, and to it we owe those daily variations in comfort 
which wo express in the terms " vigour," " gladness," " Ic 
tude," " depression," &e. ; nevertheless, physiologists have 
not assigned a name to such sensations. 

In a future chapter (Feeling and Thinei:«o) I shall 
enter more fully into thesej which I propose to call Sysiemia 
Sensations, because they arise in the system at large, or are 
not localised by consciousness in any one organ. But for 
the purpose of tiis chapter, current terms must be accept 
and although, therefore, strict accuracy would lead us to say 
that Hunger, as a Systemic Sensation, is caused by want of 
food to repair the waste of tissue, and, as a Local Sensation 
is caused by a specific condition of the stomach; yet, follow- 
ing popular language, we must say that Hunger is a sensation 
having its seat in the stomach ; and all the arguments oi 
periments which attempt to prove that its scat must be else- 
where, have rcferonco to the general state of the system, but 
not to the specific sensation known to us as Hunger. 

If we examine the stomach of a fasting animal, we shall 
find it palo, and in a coadition of obvious atony. The blood 
has retreated from the smaller vessels, and circulates only in 
the larger channels. But no sooner is tbe organ stimulated 
by the introduction of food, or any irritant eubstonoe, than 
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this pale surface becoracB visibly congested, turgesoent, and 
its secretions pour fortli abundantly. With this rusli of 
blood to the Btoinach the sensation of uneasiness is earried 
away. Hence we may conclude that Hanger is in some way 
dependent on the state of the circulation in the stomaob. 

Vir. TniKST closely resembles Hunger in being a gene- 
ral or Systomic sensation, although it is usually eon.tiderod 
only as a local sensation, arising from the dryness of the 
mouth and throat. This dryness of the throat and mouth, 
80 familiar to us all, ia produced by a deficiency of liquid ii) 
the body; but it may be, and often is, produced when there 
is no deficiency in the general system, nothing hut a local 
disturbance, this disturbance producing a local sensation. 
Wines, coffee, and spices create a strong feeling of thirst, yet 
the two first increase the quantity of liquid instead of dimin- 
ishing it. And we know how ineffectual liijuid in any quan- 
tity is to quench the feeling of Thirst under some conditions, 
especially affer long suffering. 

Aiidersaon, in hia travels in Africa, describes the suffer- 
ings of bis men and cattle, adding, " even when the thirsty 
and animals were let loose in the water, although they 
drank to repletion, the water seemed to hare lost its prop- 
erty, for our best endeavours to slake our thirst proved un- 
availing."* The long continuance of Thirst had produced a 
certain feverish condition which could not be immediately 
relieved when the system received its necessary supply of 
liqaid; this shows that although deficiency of liquid is the 
primary canse of Thirst, the prazimate cause must be some 
local affection which has been induced. 

On the other hand, this local sensation is so dependent 
on the system, that if water be injected into the veins or the 
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inteatinea, TLirst disappears, although the moath and throat 
have not been touched, A humid atmosphere preventa 
Thirst ; a hath relievea it, becauBe tlio water ia absorbed 
through the skin. 

On thia principle, Franlilin grounds his advice to mei 
who are exposed to scarcity of drink ; they should bathi 
themselves in tuba of salt water, he says. Thia would un 
doubtodly relieve their thirst, but it ii a plan which would 
be excessively dangerous in sbipwrocka, unless food ■ 
abundant, since the abstraction of so much heat as would fol- 
low a bath, would in all probability be fatal. 

VIII. Cadbb of Thiest. — As deficiency of food to sufh- 
ply the waste of tinane ia the primary cause of Hunger, 
deficiency of water to supply tbo waste which goes on inc 
santly in tbe escretioos, rcsptratJon, and perspiration, is the 
primary cause of Thirst, 

Every time we breathe we throw from our lungs a quan- 
tity of water in the form of vapour. We are made sensible 
of this when the breath condenses on the colder surface of 
glass or steel, and when, aa in winter, the atmosphere is suf- 
ficiently cold to condense the vapour on its issuing from our 
mouths. 

Thia is only one Bource of the waste of water : a more im- 
portant source is that of perspiration, which in hot weather, 
or during violent exercise, causes tbo water to roll down 
our akius with obtrusive copiousness. But even when we are 
perfectly quiescent, the loss of water, although not obvious, is 
considerable. 

To render this intelligible, let attention be fixed on the 
following diagram, which represents one of tbe glands that 
Eocrete thia perspiration. It represents the vertical section 
of the sole of the foot (after Todd and Bowman). 

The gland at d ia seen to possoss a twisted duet, which 
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ipwards lo the surface. From 
this tube cornea tLe perapLratioii, sensiblo 
and JDsensible. 

It ia calculated that tbcrc are no less 
than twentj-eigbt miles of this tubing on 
the surface of tlie human body, from 
wbich the water will escape as insensible 
perspiraiicn; and altliougb the amount 
of water whioU is thus evaporated from 
the Bur&ce must uecesaarilj vary with the 
olotking, the activity, and even the pecu- 
liar constitution of the individual, an 
average estimate has been attained which 
shows that from (wo to three pounds of 
water are daily evaporated from the skm 
From the lungs it is ascertained that 
every minute we throw of from four to 
seven grains of water, from the skin eleven 
grains. To these must be added the 
quantity abstracted by the kidneys, a 
Turiable but important element in the 

It may not at first be clear to the tS'^d'eo'periayora.'datli 
reader why an abstraction of water daily nit mupofun/S &» 
shoald profoundly affect the organism un- or witin'riioma); d 
less an equivalent be restored. What cavit/'uf'uSy giobu^J! 
can it matter that the body should lose a little water as va- 
pour ? Is water an essential part of the body ? Is it iudis- 
pensablo to life ? 

Not only is water an essential part of the body, it might 
be called the most essential, if pre-eminence oould be given 
where all are indispensable. In quantity, water has an enor- 
mouB preponderance over all other constituents : it forms 
70 per cent, of the whole weight I There is not a single ti&- 
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sue in the tody — not even that of bone, not even tLe enamel 
of the teeth — into the compoaition of which water does not 
enter as a necessarj ingredient. In some of the ttsaueB, and 
those the most active, it forms the chief iogredient. In the 
nervous tissue SOO parts out of every 1,000 are of water; 
in the lungs 830 ; in the pancreas 871 ; in the retina no leaa 
than 927. 

Commensurate with this anatomical preponderance, is 
the pliysiological importance of water. It is the carrier of 
the food, the vehicle of waste. It holds gafies in solution, 
dissolves solids, helps to give every tissue its physical char- 
acter, and is the indispensable condition of that ceatielcsa 
change of Composition and Decomposition on which the con- 
tinuance of life depends. 

From the elaborate experiments of Bidder and Schmidt, 
it is clear that the changes which go on in the organism are 
fer more concerned with its water than with its solids. In 
the digestive fluids, for example, one-fifth to one-fourth of the 
water contained in the body will be found passing and re- 
passing j whereas only one-sixtieth or one- seventieth of the 
solids of the body pass into them.*' 

Such being the part played by vater in the organism, we 
can understand how the oscillations of so important a fluid 
must necessarily bring with it oscillations in our feelings of 
comfort and discomfort, and how any unusual abstraction of 
it must produce that disturbance of the general system which 
is known under the name of Raging Thirst — a disturbance 
&,r more terrible than that of starvation, and for this reason : 
Durmg abstinence from food, the organism can still live upon 
its own substance, which furnishes all the necessary material, 
but during abstinence from liquid, the organism has no such 
source of supply within itself. 

* BmDEE A. Scaaan : JHt Vcrilauunaii'yie, p. !£T. 
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Men Lave been kuown to endure abeolute privation i 
food for Home weeks, but three days of absolute firiviitioa o 
drink (unless in a moist atmoaplicre) is perhaps the limit o 
endurance. Thirst is the most atrocious torture ever ii 
Touted by Oriental tyrants. It is that which most effeot- 
ually tames animals. Mr. Astley, when be hod a refractory 
horse, always used thirst as the ujoat effective power of cot 
cion, giving a little water as the reward for every aot of ob 
dienee. The histories of Bhipwreclc paint fearful pictarea i 
the sufTerings endured from thirst ; and one of the moat ap- 
palling eases known is the celebrated impriHOument of one 
hundred and forty-six men in the Blaok Hole at Calcutta — 
a case frequently alluded to, but which must be cited here at 
some length on account of its pbysiologioa! bearing : — 

The Governor of Port-William at Calcutta having im. 
prisoned a merchant — the well-known Omychnnd, — the in- 
famoua Nabob of Bengal, Snrajab Dowlah, on the look-out 
for a pretext, marched against Fort- William with a consider- 
able force, besieged and took it, and imprisoned the surviving 
part of the garrison in the barrack-room named the Black 
Hole. The letter in which Mr. Holwell, the officer in com- 
mand, deacribea the horrors of this imprisonment is printed 
in the Annual Register for 1758, and from it the following 
extracts are made : — 

'' Figure to yourself the situation of a hundred and forty- 
six wretches, exhausted by continual fatigue and aotion, 
orammed together in a. cube of eighteen feet, in a close sultry 
night in Bengal, shut up to the eastward and southward (the 
only quarter whence air eould reach ua) by dead walls, and 
by a wall and door to the north, open only to the westward 
by two windows stron^y barred with iron, from which we 
could receive scarce any the least ciroulation of fresh air. 
We had been but a few minutes confined before 
every one fell into a perspiration bo profuse, you can form no 
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idea of it. This brought on a raging thirst, which increased 
in proportion as the body was drained of ita moisture. Va- 
rious expedients were thought of to give more room and air- 
To gain the former it waa moved to put off their clothea ; 
thia was approTed as a happy motion, and in a few momenta 
every one waa stripped — myself, Mr. Court, and tie two 
young gentlemen by me, excepted. For a little while they 
flattered thomaelves with having gained a. mighty advastago ; 
every hat waa put in motion to gain a circulation of air, and 
Mr. Baillie proposed that every man should sit down on his 
hams. This expedient was several timea put in practice, and 
at each time many of the poor creatures, whose natural 
strength was leas than that of others, or who had been more 
exhauated, and could not immediately recover their legs 
when the word was given to rise — fell to riae no more, for 
they were instantly trod to death or suffocated. When the 
whole body sat down, they were bo closely wedged together 
that they were obliged to use many efforts before tliey could 
get up again. Before nine o'clock every man a thirst grew 
intolerable, and respiration difficult. Efforts were made to 
force the door, tut in vain. Many insults were used to tho 
guard to provoke them to fire on us. For my own part, I 
hitherto felt little pain or uneasiness, but what resulted from 
my anxiety for the sufierings of those within. By keeping 
my face clo.so between two of the bars I obtained air enough 
to give my lun^ easy play, though my perspiration was ex- 
eeaaive, and thirst commencing. At this period, bo strong a 
nrinous volatile effluvia came from the prison, that I was 
not able to turn my head tliat way for more than a few 
at a time. 
" Now everybody, except those situated in and near the 
windows, began to grow outrageous, and many delirious. 
Water/ water/ became the general cry. An old Jem- 
mantdaar, taking pity on us, ordered tho people to bring ns 
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some Bkms of water. This was what I dreaded. I foresaw 
it would prove the ruin of the small chance left us, and ob- 
Bayed many times to apeak to him privately to forhid it heing 
Drought ; but the clamour was so loud it became impossible. 
The water appeared. AVoids cannot paint the uniFcrsal agi- 
tation and raring tbe sight of it threw us into. I flattered 
myself that some, by preserving an eqnal temper of mind, 
might outlive the night ; hut now the reflection which gave 
me the greatest paia was, that I saw no possibility of one es- 
caping to tell the dismal tale. Until the water came I had 
not jayself suffered much from thirst, which instantly grew 
excessive. We had no means of conveying it into the prison 
but by hats forced tlirough the bars ; and thus myself, and 
Coles, and Scott, supplied them as fast as possible. But 
those who have esperienced intense thirst, or are acquainted 
with the cause and nature of this appetite, will he sufficiently 
sensible it could receive no more than a momentary allevia- 
tion : the cause still subsisted. Though we brought full bats 
through the hara, there ensued such violent struggles and fre- 
quent contests to get it, that before it reached the lipa of any 
one, there would be scarcely a small tca-eupful left in them- 
These supplies, like sprinkling water on fire, only seemed to 
feed the flame. Oh ! my clear air, how sfiall I give you a 
just conception of what I felt at the cries and cravings of 
those in the remoter ports of the prison, who could not enter- 
tain a probable hope of obtaining a drop, yet could not. divest 
themselves of expectation, however unavailing, calling on me 
by the tender considerations of affection and friendship. The 
confusion now became general and horrid. Several quitted 
^K the other window (the only chance they had for life) to foroe 
^H their way to the water, and the throng and press upon the 
^H window was beyond bearing; many, forcing their way from 
^H the further part of the room, pressed down those in their pas- 
^H sage who had less strength, and trampled them to death. 
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" From about nine to eleven I Buatained this cruel Bcene, 
etill supplying them with water, though my lega were almost 
broke with tho weight agaicst them. By this time I myself 
was near preesed to dc&th, and my two companions, with Mr. 
Parker, who had forced himself to the window, were really 
so. At last I became eo pressed and wedged up, I was de- 
prived of all motion. Determined now to give everything 
up, I called to them, aa a laat instance of their regard, that 
they would relieve the pressure upon me, and permit me to 
retire out of the window to die in quiet. They gave way, 
and with much difficulty I forced a passage into the centre of 
the prison, where tho throng was less by the many dead, 
amounting to one-third, and tho numbers who flocked to the 
windows; for by this time they had water also at the other 
window. ... I laid myself down on some of the dead, 
and, recommending myself to Heaivcn, had the comfort of 
thinking my sufferings eould have no long duration. My 
thirst now grew insupportable, and the difficulty of breathing 
much increased ; and I had not remained in this situation ten 
minutes before I was seized with a pain iu my breast, and 
palpitation of licart, both to the most exquisite degree. These 
obliged me to get up again, but still the pain, palpitation, 
aud difficulty of breathing increased. I retained my senses 
not withstanding, and had the grief to see death not so near me 
as I had hoped, but conid no longer bear the pains I suffered 
without attempting a relief, which I knew fresh air would and 
could only give me. I instantly determined to push for the 
window opposite to me, and by an effort of double the strength 
I ever before possessed, gained the third rank at it — with 
one hand seized a bar, and by that means gained a second, 
though I think there were at least six or seven ranks between 
me and the window. In afeio moments the pain, palpita- 
tion, and difficulty of breathing ceased, but tho thirst con- 
tinued intolerable. I called aloud ' Water for God's sake/' 
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I hnd been concluded dond ; but as soon as tbe hicq found me 
nmongat theio, they Btill had the respect and tenderness for me 
to cry out, ' Qive him water / ' nor would one of them at the 
wuidow attempt to touch it till I bad drunk. But from the 
water I had no relief ; my thirst was rather ijicreated by 
it ; so I determined to drink no more, but patiently wait the 
event. I kept my mouth moist from time to time by auckinj 
the perspiration out of my shirt-sleeves, and catching Iho dropa 
as they fell like heavy rain from my head and face; you can 
hardly imagine how unhappy I was if any of them escaped 
my mouth. ... I was observed by one of my compan- 
ions on the tight in the expedient of allaying my thirst by 
sucking my shirt-sleeve. He took the hint, and robbed mo 
from time to time of a considerable part of my store, though, 
after I detected him, I had the address to begin oa that 
sleeve first when I thought my reservoirs were sufficiently 
replenished, and our mouths and noses often met in contact. 
This man was one of the few who escaped death, and he 
has since paid me the compliment of assuring me he be- 
lieved he owed his life to the many comfortable draughts he 
had from my sleeves. No Bristol water could be more soft 
or pleasant than what arose from perspiration. 

" By half-past eleven the much greater number of thoso 
living were in an outrageous delirium, and others quite 
ungovernable; few retaining any calmness but the ranks 
near the windows. They now oil found that water, in- 
stead of relieving their uneasiness, rather heightened it, and 
Air I air ! was the general cry. Every insult that could be 
devised against the guard was repeated to provoke them to 
fire on us, every man that could, rushing tumultuoaaly tow- 
ards the windows with eager hopes of meeting the first shot. 
But these failing, they whose strength and spirits were quite 
ezhauated laid themselves down, and quietly expired upon 
their fellows ; others who had yet some strength and vigour 



left, made a last effort for the windows, and several sueeeedi 
by leapiog and acrambling over the Lacks and headd of ttoe 
in the first ranks ; and got hold of the bars, from which 
was no removing them. Many to tlie right and left 
with the violent preaaure, and were soon aufEbcated ; for now ' 
a, steam arose from the living and the dead, which affected osi 
in all ita cireumjitancea, as if we were forcibly held by oar: 
heads over a howl of strong volatile spirit of hartshi 
suffocated ; nor could the effluvia of the one he distinguisht 
from the otior. I need not ask jonr commiseration when 
tell you that in this plight, from half an hour after eleven 
two in the morning, I sustained the weight of a heavy maa< 
with his knoea on my back, and the preaaure of his whole body 
on my head ; a Dutch sergeant who had taken his scat on my 
left shoulder, and a blaek soldier hearing on my right ; all 
which nothing would have enabled me to support but the 
props and pressure equally sustaining me all round. The 
two latter I frequently dislodged by shifting my hold on the 
bars, and driving my knuckles into their ribs ; hut my friend 
above stuck fast, and, as ho held by two bars, was immova- 
ble. The repeated trials I made to dislodge this insufierablAj 
encumbrance upon me, at last quite exhausted me, and to^ 
ards two o'clock, finding I must quit the window 
where I waa, I resolved on the former, having borne trulyi 
for the sake of others, infinitely more for life than the 
it is worth. 

" I was at this time sensible of no pain and little 
nesa. 1 found a stupor coming on apace, and laid myself 
down by that gallant old man, the reverend Jervaa Bellamy, 
vlio lay dead with his son, the lieutenant, hand in hand, 
near the Eouthcmmost wall of the prison. Of what passed 
in the interval, to the time of resurrection fVom this hole of 
horrors, I can give you no account." 

At ax in the morning the door was opened, whi 
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thrcfrand-twenty out of the hnndred and forty-aix BtiU 
breathed. These were sahsequeDtly revived. 

Although the principal cause of this mortality tnust be 
ascribed to the vitiated atmosphere rather than to Thirst, we 
nevertheless seo some of the frightfiil phenomena of Thirst 
exemplified in this Darrative. Death by asphyxia (from vi- 
tiated air) is generally peaceful, and not at all such as is de- 
acribod in the foregoing. Attention is moreover called to 
certain passages in italics. These show that the sensation of 
Thirst is not merely a sensation dependent on a deficiency of 
liquid in the system, but a local sensation dependent on a local 
disturbance : the more water these men drank, the more dread- 
ful seemed their thirst ; and the mere sight of water rendered 
the sensation, which before was endurable, quite intolcrablo. 
The increase of the sensation following a supply of water, 
would be wholly inexplicable to those who maintain that the 
proximate cause of Thirst is deficiency of liquid ; but it is 
not wholly inexplicable, if wo regard the deficiency as the 
primary, not the proximate cause; for this primary cause 
having set up a feverish condition in the mouth and throat, 
that condition would continue after the origmal cause had 
cease to exist. The stimulus of cold water ia only a momen- 
tary relief in this case, and exaggerates the sensation by stim- 
ulating a greater flow of blood to the parts. If, instead of 
cold water, a little lutewarm tea, or millc- and- water, had 
been drunk, permanent relief would have bean attained; or 
', instead of cold water, a lump of ice bad been token into 
tbe mouth, and allowed to melt there, the efibct would have 
been very difierent — a transitory applieatioa of cold increas- 
ing the flow of blood, a continuous application driving it away. 

If, therefore, the reader is ever suffering from intense 
thirst, let him remember that tepid drinks are better than 
cold drinks, ice is better than water. 

We must not, however, forget that although, where a de- 
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ficienoy of liquid has ocoaBioneil a feverish condition of tho 
mouth and throat, no supply of cold liquid will at once re- 
move that condition, the relief of the Syfitemio sensation not 
immediately producmg relief of the local aensation, neverthe- 
less, so long as the system is in need of liquid, the feeling of 
thirst must continue. Claude Bernard observed that a dog 
which Lad an opening in its stomach drank unceasingly, be- 
cause the water ran out as fast as it was swallowed ; in vain 
the water moistened mouth and throat on its way to the 
stomach, Thirst was not appeased because the water was not 
absorbed. The dog drank till fatigue forced it to pause, and 
a few minutes afterwards recommenced the same hopeless 
toil ; but no sooner was the opening closed, and tho water 
retained in the stomach, from whence it was absorbed into 
the system, than thirst quickly vanished.* 

After learning the physiological importance of water, and 
remembering how the water is continually being removed 
from the body in respiratioD, perspiration, and the various 
excretions, we are greatly puzzled by the great variations 
which animals exhibit in the quantity they drink. The diffi- 
culty is not explained by a reference to the food of the ani- 
mals, for some vegetable feeders require large quantities of 
water, while others subsist for months without drinking, the 
supply they receive In the vegetables they eat being sufficient 
for their wants. 

Dr. Livingstone found the elands on the Kalahari 
Desert, although in places where water was perfectly In- 
aacesalble, with every indication of being in splendid condi- 
tion, and their stomachs actually contained considerable 
quantities of water. " I examined carefully the whole 
alimentary canal," he says, " in order to see if there were any 
peculiarity which might account for the fact that these am 
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mals can umbsist far months together without drinking, but 
found nothing. Other animals, such as the di'iiker (Cepha- 
lopus mergens), the ateinbuck {Tragnlua nipeatris), the 
gemabuck (Oryx capensii)^ and the porcupine, are all able 
to eubsiet for many months at a time by living on bulbs and 
tnbers containing moisture. Some animals, on the other 
hand, are never seen but in the vicinity of water. The pres- 
enoe of the rhinoceros, buffalo, and gnu, of the giraffe, zebra, 
and palish {Antelope tnelampus), is always a certain indioa^ 
tion of water being within seven or eight miles.'* 

The only solution of the difficulty whieh presents itBclf to 
my mind is, that animals which can subsist long witlioat 
drinking, do not lose more water by evaporation and excre- 
tion than can bo replaced by their vegetable food, since that 
they rcqv.ire the same amount of water as other animals for 
the performance of all their functions is physiologically cer- 
tain. It has been observed that, in persons who voluntarily 
abstam from drinking, the excretions were diminished to a 
minimum. Sauvages, in hia N^osologia Medica, mentions the 
case of a member of the University of Toulouse who never 
knew what thirst was, and passed several months, even in 
the heat of summer, without drinking. Another case is cited 
by the same author of a woman who took no liquid for forty 
days. M. Berard thinks that the marvellousncss of these 
facts disappears when we remember Low much liquid is con- 
tained in all food ;t hut I am rather disposed to doubt the 
accuracy of the facts than to accept such an explanation : at 
any rate, they are facts so very exceptional as to have little 
bearing on our general argument. 

The effects of Thirst are first a dryness of the mouth, 
palato, and throat; the secretions become leas copious j the 
month is covered with a thick mucus, the tongue oleavea to 
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the pQ-late, the voice becomes hoarse. Then the eyea flash 
firC] the breathing becomes difficult, a feverish escitemcnt, 
often passing into delirium, cornea on.* Sleep ib fitful, and 
distressed by dreams akin to the tormenta of Tantalus. Tbo 
men shipwrecked in the " Medusa" dreamt constantly of shady 
woods and running streams. 

It is to be noticed that tbc sensation of Thirst is never 
agreeable, no matter how slight it may bo, and in this respect 
ia unlike Hunger, which, in its incipient state of Appetite, is 
decidedly agreeable. The bodies of those who have perished 
from Thirst show a general dryness of all the tissues, a thick- 
ening of the bumoura, a certain degree of coagulation of the 
blood, numberless indications of inflammation, and sometimes 
gangrene of the principal viscera. According to Longet, 
Thirst kills by an inflammatory fever, Hunger by a putrid 
fever.t 

Such are Hunger and Thirst, two mighty impulses, benefi- 
cent and terrible, monitora ever vigilant, warning os of the 
need there ia for Food and Drink — sources of exquisite pleas- 
ure and of estLuiaite pains, motives to strenuous endeavour, 
and servants to our higher aims. We are all familiar with 
them in their gentler aspects; may we never know them in 
their dreadful importunities ! 
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Ah Irish peasant, in a windomlesa hut, dining off a meal of 
potatoes and skimmed milk, flavoured by the aroma of a 
lively imagination aa each mouthful is " pointed " at tho 
side of bacon hanging against the wall, and a London Alder- 
man seated at a Guildhall feast, are two figures presenting 
an imprcssivo contrast of the varieties of food with which, 
in the restless activity of life, the human organism repairs 
its incessant waste. Potatoes and skimmed milk, and it may 
he a little sea-weed, supply the wants of the one ; before the 
other there is spread a wasteftil profusion of turtle captured 
on the Iforth American coasts, of turkey reared in quiet 
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farmyards, of mutton grazed upon tlio downs of Suaaei, of 
beef fed on tlie ricli pagture-landa of Herefordshire, of 
pheasants shot in a nobleman's preserves, of tmbot from 
the Atlantic Ocean, and salmon from the Scotch and Irish 
rivers, of cheese from Franco and Switzerland, oil from 
Italy, fipices from the East, and wines from Portugal, Ger- 
many, and France — a gathering from all nationa, aaaorted 
with exquisite culinary skill. Yet, in spite of these differ- 
ences in the things consumed by the two men, the dinner of 
the one and the dinner of the other become transmuted by 
vital proeesses into similar flesh and blood, into the same 
organic substance and organic force. 

However various the articles of Food and Drink may 
be, it is clear that there must be a process by which all dif- 
ferences are annulled, and a similar result attained. What- 
ever characters these substances may have outside the organ- 
iam, must be altered shortly after their entrance into it, spe- 
cific differences must vanish, and all varieties be merged in 
a vital unity. 

The hunter on the Pampas subsists on bufialo beef, with 
scarcely a particle of vegetable food to vary his diet. The 
Hindoo la content with rice and raneid butter, and cannot 
be induced to eat flesh. The Greenlander gorges himself 
with whale oil, and animal fata of any kind he can secure; 
the moderate Arab has his bag of dates, his lotos-bread, and 
dhourra. On the coast of Malabar we find men regarding 
with religious horror every species of animal food ; while 
the native of New Holland has not a single edible fruit 
larger than a cherry on the whole surface of his vast island. 
The Englishman considers himaelf ignominiously treated by 
fortune if he cannot get his beef or bacon ; the peasant of 
the Apennines is cheerful with his meal of chestnuts. 

Besides varieties in the staple articles of Food, there are 
the infinite varieties of fancy. Our Chinese friends make 
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delicacies of rats and of birds' nests ; our Frencli allies are 
epicurean oyer the hind-legs of frogs. The ancients, who 
carried epicureanism to lengths never dreamed of by Guild- 
hall, thought the hedgehog a titbit, and had a 'word to eay 
in favour of the donkey, which they placed on an equality 
vrith tbe ox ; dogs they considered equal to chickens ; and 
even cats were not to be despised. The pork, which we eat 
with, great confidence, they considered, and not untruly, the 
least digestible of animal meats, fit only for artisans and 
athletes. They ate snails, at which we shudder, with the 
gusto we acknowledge in eating oysters. It would be diffi - 
cult to persuade the British etoraaeh to dine, in full con- 
sciousness, off a " sirloin of donkey," flanked by ■' ribs of 
dog, with fried toadstools." Is this repugnance only preju- 
dice, or were Greek dogs and donkeys more succulent than 
ours? 

The Clay-eaters. — The varieties just rehearsed are at 
any rate easily accepted as probable aliments, but what will 
the reader say on hearing that in many parts of the world 
even olay la a respectable and respected food ? Travellers, 
who see strange things, are very positive in their assertions 
on this head. Humboldt, a man whose word justly carries 
with it European authority, confirms the statement of Gu- 
milla, that the Otomacs of South America, during tlio pe- 
riods of the floods, subsist entirely on a fat and ferruginous 
olay, of which each man eats daily a pound or more. The 
well-known botanist and explorer, Martins, informed me 
tJiat the Indians of the Amazon eat a kind of loam, even 
when other food is abundant. Molina says the Peruvians 
frequently eat a sweet-smelling clay ; and Ehrcnberg has 
analysed the edible olay sold in the markets of Bolivia, 
which he finds to be a mixture of tale and mica. The in- 
Iiabitauts of Guiana mingle clay with their bread ; and the 
Jamaica are said to eat earth when other food is 
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deficient. According to Labillardi^re, tbB inliabitants of 
New Caledonia appease their hunger witi a wliito friable 
earth, said by Tauquelin to be composed of magnesia, silica, 
oside of iron, and ehalk. The same writer asserts that at 
Java a cake is made of ferruginous clay which is much 
sought for by women in their pregnancy. To conclude tliia 
list we must add Siam, Siberia, and Kamtschatka as 00110- 
trics of clay-eaters,* 

This is rather a staggering accumulation of aasertioiiB, 
which we cannot dismiss altogether, even if we suppose a 
large allowance of scepticiam justifiable. Granting the fact 
that certain kinds of earth are really nutritious — and it is 
difficult to escape such a oonelnaion — wo are completely at a 
loss for an adequate explanation of it. Little light is 
thrown on it by the assumption, probable enough, that the 
earth must contain organic matters ; because we should 
imagino that in ten pounds of such earth there could Ecarce- 
ly be contained sufficient organic matter to supply the de- 
mands of an adult. 

Nor will it get rid of the difficulty to say that the earth 
only appeases hunger without nourishing the systeui ; be- 
cause, in the first place, Humboldt's testimony is that the 
Otomacs suhaist on the clay at periods when other food is 
deficient ; and, in the second place, although the local sen- 
sation of Hunger may be appeased by introducing substances 
into the stomach, the more imperious systemic sensation of 
Hanger is not thus to be appeased.! 

We must, therefore, be content, at preaont, with accept- ^ 
ing the fact, which the science of a future day may possibly j 
explain. 

Omitting clay as not explicable for the present, we pro- I 
pose to take the reader with us in an inquiry, having for its 
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object to ascertain what Science can tell ua positively re- 
specting tlie relation of alimentary subatancea and the organ- 
ism — to see what is known respecting Food and its varieties. 
If in the course of this survey we detain the reader to otrn- 
sider certain generalities, when he is impatient f« arrive at 
the details, let him be asBured that these generalities, Beem- 
iogly too abstract and remote for immediate practical objects, 
are essential to a right comprehcnEioa of the details; and 
that our most practical and pressing objects, whether of feed- 
ing cattle or of feeding ourselves, do inevitably rest upon 
abstract philosophic principles, and are determined by scien- 
tific hypotheses. We promise him abundant detail, but must 
ask him to approach the question through such avenaes as 
we shall open, asd not to try any short cut of his own. 

I. How TO iNTESTiaATB Food. — Assured as we are that 
all alimentary substances must be transformed into the or- 
ganic unity we name, £lood, and assured also that the sub- 
stances BO transformed are really various in kind, specifically 
distinct before they bave undergone this transformation, it is 
clear that our chief attention should be withdrawn from the 
alimentary substances to fall with greater emphasis on the 
alimentary process; that is to say, we must less consider 
what the Foods are in themselves, than what rdailon thoy 
bear to tho organism which thoy nourish. 

Obvious as this may seem, it has generally been disre- 
garded, especially of late years. The researches into the 
nature of Food have been extensive and minute, but they 
have been almost exclusively confined to alimentary sub- 
stances, which have been analysed, weighed, and tabulated 
with great labour, and in a chemical point of view with con- 
siderable results; but in a physiological point of view — the 
only one really implicated — with scarcely any results at all. 
No ono doubts that Food is a physiological question, inas- 
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much ns it relates to an organism. Never theleaa, it has fallen 
into tlie hands of the chemists ; and our treatises, text-hooks, 
and popular workB, have been encumbered by hypotheses 
which may amuse spoculative ingenuity, but furnish very 
little positive result. 

Against this vice of Method, and this misdirection of 
valuable labour, a voice should energetically bo raised. The 
error is not a speculative error, simply ; it is one carrying 
important consequences ; it cither leads physicians and farmers 
into serious mistakes, or leads them to throw up scientific guid- 
ance in disgust, because the hypothesis, so convincing on pa- 
per, turns out stubbornly irreconcilable with fact. 

Let UB not, however, be misunderstood. In declaring 
the chemical hypothesis on the subject of Food, to which 
Liebig, Dumas, Boussinganlt, Paycn, and others, have given 
the sanction of their names, to be more of an encumbranoe 
than an illumination, wc have not the remotest Intention of 
undervaluing their labours. All real work is important, no 
genuine research is unworthy of our gratitude j but it is one 
thing to reverence power, and respect the work achieved, 
another thing to assign the nature and position of that work. 
With regard to the vast chemical researches into the subject 
of Food which have occupied a quarter of a century, it seema to 
me that their value has been almost oielusively chemical, and 
only in an indirect and limited degree physiological. Hence, 
in Epitc of the unanimity and apparent precision observable 
in the analyses and hypotheses offered by chemists, no im- 
portant practical results have been attained, scarcely a single 
alimentary problem has been solved by them. 

There may be readers who, failing to see the ground of 
this diatinctioa between chemical and physiological investi- 
gations, will not understand the importance I attach to it ; 
but they will perhaps come round to my point of view before 
this chapter reaches its close. The chemists, whatever wo 
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I^H may think of them, 'will continue tbcir lahoura, analysing, 
weighing, esperimenting, nnd propounding hypotheses ; and 
it is right they sbould do so ; all honour and succeaa to them I 
But if the question of Food la to receive any praetieul boIu- 

^tion, it must no longer he left in their hands ; or only such 
details of it left in their hands as properly belong to them. It 
mnBt he taken up by phyaiologiata, who, wlule availing them- 
(elvea of every chemical result, will carry these into another 
sphere and test them by another Method. Not a step can 
the physiolo^st advance without the assistance of the chemist; 
bnt he rouat employ Chemistry as a means of exploration, 
not of deduction — as a pillar, not a pinnacle — an instrument, 
not an aim. The chemist may analyse fat for him ; hut . 
he, on receiving this analysis, wiil request the chemist not to 
trouble him with hypotheses respecting the part played by 
III fat in the organism : for although the chemist may aceurately 
j^H estimate the beat evolved in the oxidatinn of so much fat, 
^^Bthe physiologist has to do with a vital laboratory, cstreniely 
^^Hmdike that in which the chemist norks, and he has to asoer- 
^^^tain how the fat comports itself there. 

Alimentary suhstancea arc substances which serve as nour- 
ishment ; hut a great mistake is made when it is imagined 
that their nntritive value can chiefly reside in the amounts of 
oarbon, nitrogen, hydrogen, oxygen, and salts, which they con- 
tain; it resides in the relation which the several substances 
bear to tho organism they are to nourish. 

Music is not harmonious to the deaf, nor is colour splen- 
did to the blind. The substance which nourishes one animal 
affords no nourishment to another, nor will any table of " nu- 
tritive equivalents," however precise, convince us that a sub- 
stance ought to nourish, in virtue of its composition, when 
C' nee tells us that it does not nourish, in virtue of some 
re relation between it and the organism, 
it " one man's meat is another man's poison " is a prov- 
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erb of strict veracity. There are persons, even in Europe, 
to whom a mutton-cliop would be poiaonoua. The celebrated 
case of the Abbe de Villedieu is a rare, but not unparalleled 
example of animal food being poisonous : from bis earliest 
years bia repugnance to it was so decided, that neither the 
entreaties of his parents nor the menaces of his tutors could 
induce him to overcome it. After reaching the age of thirty 
on a regimen of vegetable food, he was over-persuaded, and 
tried the effect of meat soups, which led to his eating both 
mutton and beef; but the change was fatal; plethora and 
sleepiness supervened, and he died of cerebral inflammation,* 

In 1844, a French soldier was forced to quit the service 
because be could not overcome his violent repugnance and 
disgust towards animal food. 

Dr, Prout, whoso testimony will be more convincing to 
English readers than that just cited, knew a person on whom 
mutton act«d as a poison : "Ho could not eat mutton in any 
form. The pecuharity was supposed to be owing to caprice, 
but the mutton was repeatedly disguised and given to him un- 
known ; but uniformly with the same result of producing vio- 
lent vomiting and diarrhcea. And from the severity of the 
effects, which were in fact those of a virulent poison, there can 
be little doubt that if the use of mutton bad been persisted in, 
it would soon have destroyed the lifo of the individual." Dr. 
Peroira, who quotes this paasage.t adds, " I know a gentle- 
man who has repeatedly had an attack of indigestion after 
the use of roast mutton." 

Some persons, it is known, cannot take coffee without 
vomiting; others are thrown into a general inflammation if 
they eat cherries or gooseberries. Hahu relates of himself 
that seven or eight strawberries would prodi 
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in him. Tissot says he could iieyer swallow sugar without 
TODiiting. Many persoaa are nnabla to cat eggs ; and cakes 
or puddings haying eggs in their composition, produce scrioug 
disturbances in such persons; if they are induced to eat 
them under false aBanranoes of no eggs having been cm- 
ployed, they are soon undeceived by the nnmistakablo ef- 

Under less striking forma this difference in the assimilating 
power of different human beings is familiar to us all ; we sec 
our friends freely indulging, with benefit instead of harm, in 
kinds of food which, experience too piunfullj assures ns, we 
oan eat only with certain injury. 

To this fact the attention of parents and guardians 
should seriously he given, that by it they may Jeam to avoid 
the petty tyranny and folly of insisting on children eating 
food for which they manifest repugnance. It is too common 
to treat the child's repugnance as mere caprice, to condemn 
it as " stnff ond nonsense," when he refuses to eat fat, or 
eggs, or certain vegetables, and " wholesome" puddings. 
Now, even a caprice in such matters should not be altogether 
Blighted, especially when it takes the form of refusal ; be- 
cause this caprice is probably nothing leas than the oipres- 
aion of a particular and temporary state of his organism, 
which we should do wrong to disregard. And whenever a 
refusal is constant, it indicates a positive unfitness in the 
Food. 

Only gross ignorance of Physiology, an ignorance unhap- 
pily too widely spread, can argue that because a certain 
article is wholesome to many, it must necessarily be wholo- 
HOmo to all. Each individual organism is specifically differ- 
ent from every other. However much it may resemble 
others, it necessarily in some points differs from them ; and 
the amount of theso differences is often considerable. If the 
nme wave of air striking upon the tympanom of two differ- 
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ent men will produce sounds to tho one which to tlie otltei 
are inappreciable — if tLe Bame wave of light will affecb the 
vision of one man as that of red colour, while to the yision 
of anotier it is no colour at all, how unreasonable is it to 
expect that the same substance will bear precisely the same 
relation to the alimentary Bystem of one man as to that of 
another I Experience tells u3 that it is not so. 

A glance at the animal kingdom reveals the striking dif- 
ferences manifested by two closely allied organisms in their 
capability of assimilating the same substance. There are 
two epecies of Rhinoceros, tho black and tho white. The 
black species feeds on the graceful, but deadly plant. Eu- 
phorbia candelabrum, and converts it into its own substance ; 
but if the white species happen to eat thereof, it is inevitably 
poisoned. The Herbivora are divided into two classes, thp 
first subsisting on a variety of plants, the second on one kind 
only. But even the various feeders will not touch certain 
plants eagerly devoured by others ; thus the horse paBsea 
over almost all the cruciferse ; the ox all the labiates ; goats, 
oxen, and lambs refuse almost all the solanese. The poisons 
are food to many ; the rabbit devouring belladonna, the goat 
hemlock, and the horse aconite. Tho dog will feed on bread, 
or biscuit, which hia ancestor the wolf would starve rather 
than touch. The cat, although preferring animal food, will 
eat bread and milk, which the tiger will not look at. 

Wo have brought these facts forward for the sake of 
giving distinct relief to the importance which must inevitably 
belong to physiological considerations in every question of 
Food ; and to indicate tho necessity of fixing our attention, 
on the organism to he nourished, rather than on the chemical 
composition ofihe substances which nourish it. 

When we are building a bridge, or making a machine, 
we can accurately guide ourselves by estimates of tho strength 
of the wood and iron, because these suhstancea do not low 
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their properties under new arrangcnientB ; but in building 
the mysterious fabric of the body, wo hare little or no guid- 
ance from our estimates of the properties of substances out 
of the body, because the body itself ia an important factor in 
the sum, acting on the substances as well as being acted on 
by them, annulling or exalting their ordinary properties 
in a way quite peculiar to itself. And it is bccanso this has 
been overlooked, or not sufficiently estimated, that our test- 
books are at once ao precise, and so erroneous. Open almost 
any work on Physiology or Organic Chemiatry, and yon will 
meet with expositions of the theory of Food, and the nutri- 
tive value of various alimenta, which are bo precise and so 
nnheaitating in their formulae, that you will acareely listen 
to me with patience when I assert that the precision is falla- 
cious, and the doctrines demonstrably erroneous. Never- 
theless I hope, before concluding, to convince you that 
Chemiatry is itself in too imperfect a condition to give clear 
and satisfactory answers to its own questions in this direction 
— as Mulder and Lehmann frankly avow* — and further, that 
Chembtry, even supposing it to bo perfect, must ever he 
incompetent to solve physiological problems, to which, indeed, 
it tunst always afford indispensable aid, without hope of 
dobg more. 

Vital processes depend on chemical processes, but are 
not themselves chemical, and cannot, therefore, he explained 
by Chemistry. There ia something fecial in vital phenom- 
ena which necessarily transcends chemical investigation. 
We need not pretend to settle what vitality is, or on what 
the speciality of its phenomena ultimately rests, to be assur- 
ed that it is something different from what goes on in labor- 
atories, and demands other tests than those furnished by 
Chemistry. The philosophic poet warns us — 
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ajid Buch appeal, from tigber to lower, is the appeal of Phy^ 
siology to Chemistry. No analysia of a nerve will ever throw 
light on Sensibility ] no arrangement of chemical formulas 
will explain the form and properties of a cell. Yon may 
tako a mechanism to pieces, and espkin by physical laws the 
action and interactiou of caeh wheel and chain ; but you 
cannot take an organism to pieces, and explain its properties 
by chemical laws, such as are revealed in the laboratory. 
If an overwhelming illustratioa of this obvious truth be 
needed, wo find it in the egg of an animal : here is a 
microscopic sphere, composed of substances well known to 
chemists, which contains potentially an animal, and which 
will reproduce not only the form, features, stature, and 
Bpecifio attributes of the parent animals, but also many of 
their acquired habits, tendencies, and tricks ; has Chemistry, 
in the whole extent of its domain, anything analogous to 
this? Can Chemistry furnisli us with even an approach to 
an explanation of it? Chemical analysis may conduct us to 
the threshold of Life, but at the threshold all its guidance 
ceases. There, a new order of complications intervenes, a 
new scries of laws has to be elicited. Chemistry confesses 
its inability to construct complex organic substances, or even 
to say how they are constructed ; it can, at present, only say 
of what tliey are constructed. This being so, it is clear that 
every attempt to explain chemically the nutritive value of 
any aliment by an enumeration of its constituents, must be- 
long to what BerzeliuB admirably styles " the physiology of 
probabilities." 

There is one cardinal rule which can never be violated 
with impunity, and which is, nevertheleM, perpetually 
violated in our gropings towards the light It ia thia: 
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Never attempt to solve the problems of one science by ike 
order of conceptions peculiar to another. 

There ia an order of conceptiona peculiar to Phjaics, 
another peculiar to Chemistry, a third peculiar to Physiol- 
ogy, a fourth peculiar to Psychology, a fifth peculiar to So- 
cial Science. While all these acieueea are intimately relal 
oaeh hag its sphere of independence which must be respecl 
Tbaa Chemiatry presupposes Physica, and PJiysiology pre- 
Buppoaea Chemistry; but physical laws will not alone 
plain chemical phenomena, chemical laws will not alone ex- 
plain Tital phenomena; nor, conversely, will Chemistry solve 
physical problems, nor Physiology solve chemical probh 
In every vital proceaa physical and chemical laws arc implied, 
and the knowledge of theae becomes indispensable ; but over 
and above these laws, there are the specific laws of Life, 
which cannot be deduced from Physics and Chemistry.* 

An illustration drawn from social science may serve to 
render this canon intelligible, and at the same time to uproot 
a widespread fallacy. Few errors have gained more general 
acceptance than that which declares the Family to be the 
perfect type of the State. This fallacy would have us 
regulate polity by domestic rules. A paternal government, 
in which the moniLrch is the head of the family ; and a social 
government, in which all men are united as brotlicrs, are the 
ideals of absolutists and socialists, who are pitiless in Boom 
of all other political schemes. When we see how a well- 
oondnoted houachold is harmoniously governed, each member 
fjilfilling bis proper office, and each assisting all ; when we 
see how the farmer administers his affairs without any one to 
quefition bis absolute will ; the idea of bo mana^ng a nation 
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naturally eaggesta itself; for, What is a nation hut an ex- 
tension of the family ? aak the theorists. 

I answer, the Family is upecifically different from the 
Nation : it ia no type of the State, because, not to mention 
other points, it has the bond of personal affection, and the 
bond of personal interest, which two puissant influences can 
never operate to anything lite the same extent on the State. 
The father dearly loves his children, and his despotism may 
be absolute because it is truly paternal ; his tender vigilance 
and forgiving love will soften ail the harshness of absolute 
rule. But no philanthropist will be romantic enough to 
expect that king or kaiser can by any possibility feel this 
affection for his subjects ; and thus one essential element of 
the family disappears. Again, the father's personal interest 
is bound up with his administration (as the farmer's is), and 
every false step he makes will be made feelingly evident to 
him. But the sovereign's personal interest is not in any 
Buoh manner directly hound up with the goodness of his 
administration ; if he can keep secure upon his throne, if 
neither revolutions nor assaasiue are provoked, it can make 
little difference to his welfare that the streets are filled with 
lamentations, and the battle-field with corpses. And even 
BUpposing him to be tender-hearted and conscientious, really 
desirous of the good of his subjects, jot his own personal 
interest is not so directly and obviously bound up with theirs 
as that of the father is with his household. Thus on the 
supposition that the despot is the best and wisest of men, 
and his subjects are really desirous of universal brotherhood 
(tvro rather extraordinary ossumptione always quietly made), 
the Family could offer no proper type of the State, because 
the two most puissant elements in tJie Family must be want- 
g in the State. 

The application of the canon just laid down is easily 
seen : while, on the one hand, the Family must neoessaiily 
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enter ioto tlie State, wtich is in trut'i an aggregation of 
families, it can never fumisl the typical lawe for the Stute, 
beeanse the actions of individuai men cannot bo the stand- 
ard fot the actions of masses, and the mere aggregation of 
families brings about such a. complication of interests, 
passions, and opininna, that a totally new set of relations is 
evolved. 

Thus preoieely aa Polity preaupposes Domeaticity, but is 
not embraced by it — precisely aa the State ia dependent on 
the Family, and ia, nevertheless, belonging to a higher 
jurisdiction, so does Physiology prcsnppose Chemistry, but 
is not included in it, cannot be wliolty regulated by its laws. 
Domestic life fumishca tho basis for political life, as chemi- 
cal actions famish the baaia for vital actions. 

Whatever the future progress of Chemistry may effect in 
the way of simplifying physiolo^cal problems (and no one 
doubts that it must greatly aid us), there ia one radical dis- 
tinction which must ever keep the two sciences separate. It 
is this : Chemical laws are quantttaUve, beoause chemical 
actions are definite combinations ; whereas physiological 
laws can never become quantitative, but only qualitaiive, 
because vital substances arc indefinite ia composition; tliat 
is to say, while chemical substances arc formed by combina- 
tions of unvarying quantities, never more, never leaa — so 
mach acid to so much base always forming tho same salt, so 
many atoms of one substance always uniting witl so many 
of another to form a third ; the substances on which vital 
actions specially depend are never precisely and accurately 
definite ; they vary in different individuals, and at different 
ages of the same individual ; and aa every variation in com- 
position necessarily affects the properties of each substance, 

B impossible that physiological actions can be reduced to 
those exact quantitative formulsB on which Chemistry is 
founded. Chloride of sodium is the samo substance, having 



I 



L 



56 FOOD AND DKINK. 

precisely the same composition and properties, whether takcc 
from the BCa, from the earth, from the plant, or manufactured 
in the laboratory. But nerve-tissue is neYCr precisely the 
same in two men : the blood of two men is neyer precisely 
aliie ; the milk of two women is never identical in composi. 
tion — they vary (within certain limits), and sometimeB the 
variation is eonsiderable. It is on thia that depends what wo 
call the difference of "temperament," which makes ono 
twin so unlike hia brother, and makes the great variety of 
the human race. 

If in this digression the reader's assent has been gained, 
he will see that, from the radical incompetence of Chemiatry 
to settle any true physiological question whatever, all the 
laborioua efforts of later years have been barren, or nearly 
BO, as regards the important subject of Food, because they 
have been only chemical reasonings oa Physiology. Plau- 
sible and brilliant aa some of the tbeoriea have been, they are 
all at fault when reduced to practice. They have gained 
general acceptance, because of the simplicity with which 
they seemed to solve ubatruae problems; and the human 
mind is so eager to have esplanations, that any logical plan- 
sibility is sure to captivate it. 

II. LiBBio's Classification of Food. — Of all current 
hypotheses on this subject, none claims a closer BCrutiny 
than that which Liebig has made familiar to all Europe, 
and which, winged by the two quaHties of simplicity and 
plftuaihility, has been carried into the lecture-room and 
study, where it continnos to hold its place, in spite of the 
growing conviction that it is untenable. 

To reader the classification intelligible to those unfamiliar 
with chemistry, it is needful to premise that organic sub- 
stances are chiefly composed of the four elements : oxygen, 
hydrogen, carbon, and nitrogen. Some few of these sub- 
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staBOCB — Bnch as tbe essential oils — contain only carbon and 
hydrogen. A far greater number, including the fixed oils, 
starch, sugars, vinegar, and alcohol, contaia oxygen as well 
as carbon and hydrogen. One of the chemical peculiaritieB 
of the starchy, or saccharine, group is, that these BubstaQces 
all cantata oxygen and hydrogen in exactly the proportions 
which would form water ; and, although it is not supposed 
that these elements exist under tbe form of water in these 
substances, the chemista have named this group tho hydrates 
of carbon, or carho-hydrcdes. Besides these two claasea 
thera is a third, which cootaina nitrogen, in addition to the 
oxygen, hydrogen, and carbon. This group includes the 
eeeda of plants and the tissues of animals. The amount of 
nitrogen in these Bubatances is small compared with the 
amount of carbon ; neTCrthelcss the mere presence of nitrogen 
has caused them to be distinguished as the nitrogenous 
group ; while the other clasaea are placed together as the 
non-nitrogenous, or carbonaceous, group. 

Bearing this in mind, we shall understand Liebig's di- 
vision of Food into two classes : 

The first is Plastic, or tissue-making, and comprises 
those organic substances into the composition of which ni- 
trogen enters largely. These nitrogenous substances are — 
1°, Vegetable Albumen, Fibrine, and Caseine; and, S'^iAn- 
iTnal Floah and Blood. They are said to bo plastic or tis- 
Bue-making, because they are capable of being converted into 
Blood; and from the Blood all the tissues are formed. Ac- 
cording to this hypothesis, no other substance has any nu- 
tritive value; but inasmuch as many other substances are 
employed for Food, there mast be some purpose served by 
them. Liebig groups them together in his 

Second class : the non-nitrogenous or heat-making 8ub- 
Theso substances are the Fats, Gums, Sugars, 
Starch, Peotine, Bassorine, Wines, Beers, and Spirits. Thoy 
3* 



are all assumed to be incapable of forming Blood, or of enter- 
ing into tbe composition of any tissue, consequently they 
cannot nourisb, or build up the body. But tbey ore all ca- 
pable of being " burned " in the body, and thus tbey fumiBli 
the ueed&l animal heat, without which no organic function 
could be performed. WbeE these substouoes are said to be 
" burned," we are to understand that burning here means 
simply oxidation — or the union of the oxygen derived from 
the atmosphere during Respiration, with one of these non-ni- 
trogenous substances in the blood. The oxidation (rusting) of 
iron, and the burning of a candle, are one and the same pro- 
oesB, differing only in degree. The union of oxygen with fat, 
is, in like manner, said to bum it. And because this oxy- 
Reapiration, all the artioles of food which 
e called Bespiraiory, i. e., Bupportera of 
cess; and because in their burning they 
re called heat-making. 

BEsea of nitrogenous, or nntri- 
hcat-making, there is also 



gen is furnished i 
are burned by it 
the respiratory p 
evolve heat, they 

Sesidee these two 
tive, and non-nitrogcnoua, 



I such as Water, Salts, Iron, 
e to be truly entitled to rank 



class of inorganic suhstar 
&c., which we shall hereafter s 
aa Food. 

The classiflcation juat expounded is certainly a brilliant 
effort of genius, and has given an immense impulsion to sci- 
ence. Indeed thai may said of al! Liebig's viewa : right or 
wrong, they have agitated Europe, and inapired laborioos re- 
search. It is not wonderful that he should have missed the 
truth on this subject, for tlua subject ia far too complex to 
be embraced by any chemical hypotheais ; but the gratitude 
of Europe is due to him (and is freely given) for having ren- 
dered the solution of the problem passible. There where he 
found a wilderness, he haa left a pathway. On this pathway 
thousands of explorers are now hurrying ; he has made it 
easy for them to find new ways. 
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In rendering tliia tribute to Licbig'a services, I mnat also 
explicitly declare that the classification ho has proposed 
seems to me fotmded on a misconception- It has been much 
critioisedjt Bometiines with more asperity tlian befits the calm 
heights of science. It has made the tour of EuropCj and 
become stereotyped in lectures and text-books. It has caused 
a vast amount of experimental research, which would have 
been more valuable had it been better directed. And it is 
now, more or less explicitly, relinquished by all advanced 
physiologists. 

" It is indeed upon the assumption of this broad and fun- 
damental cLkssification of the constituents of food," write 
Messrs. Lawes and Gilbert, " according to their varied offioeo 
in the animal economy, that a vast series of analyses of foods 
have of late years been made and published ; whilst, founded 
upon the results of these analyses, numerous tables have 
been constructed, professing to arrange the current articles 
of diet both of man and other animals, according to their 
comparative values as such," J 

The question ia one of very great importance, and the 
reader's patience is requested for an examination of it. So 
long as we place ourselves at the chemical point of view, 
Ijiebig carries us along with him ; but no sooner do we per- 
ceive that wo are dealing with a vital problem, not a chemi- 
cal problem, than the necessity of abandoning the chemical 
aud taking np the physiological point of view ia at once evi- 
dent, and we then quit our ingenious guide. 
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Let ug state the qneetion. Man reijuires food which i 
hoth tissue-making and heat-making, to repair the &brio, and 
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Bustain, the temperature of hia body. This much is 
it is demonstrable thut nitrogenous Bubstanoea are nai the 
only plastic materials, not even the chief materials, whereas 
they are also heat-producing. Converselyj it is demonatrable 
that non-nitrogenouB aubstanccs are tissne-making as well 
as heat-producing ; so that any distinction between them, 
founded on their supposed offices nutritive and respiratory, 
fiills to the ground; not to mention that it rests on the as- 
sumption of Respiration being the source of Animal Heat — 
an hypothesis we shall hereafter have to consider.* 

The division of Eood into Nitrogenous and Non-Nitro- 
genoua is a chemical division to which no objection need be 
made, for it expresses a chemical fact. But when the iact 
that albuminous substances form a necessary proportion of 
organised tissues, is made the ground for specially distin- 
guishing them as pla.?tic ; and when the presence of nitro- 
gen in these substances is made the ground for specially dis- 
tinguishing nitrogen as the plastic element, the percentage of 
which is to afford the standard of nutritive Talue, we see a 
striking example of themieal reasonings applied to Physi- 
ology, which B. confrontation with nature suffices I 
For observe : while it is true that " albumen is the 
tion, the starting-point of the whole series of peculiar tissues 
which are the seat of vital actions " (Liebio) — while it is 
true that iimpeouliar eharacteristio of organised tissues is that 
they contain albuminous substances as necessary ingredients ; 
not less is it true that the other substances, thus arbitrarily 
excluded from the rank of tissue-makers — namely, the fate, 
oils, and salts, all destitute of nitrogen — are as essential a 
albumen itself. Not a cell, not a fibre can he formed, nor 
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can subsist, without a certain ammtnt of fat and talis 
Not a tissue can cotae into being, nor continue it^ functions, 
without a large proportion of non-nitrogenous materials — el 
proportion grtatly exceeding that of tlie nitrogenons. 

This b an anatomical fact which must surely discredit the 
idea of selecting one element out of several, all indispensable, 
mid assigning to it alone the character of nutritive. If tis- 
sues were composed of albumen, or any other nitrogoDous 
substance, without the admixture of fats, water, and salts ; 
and if the albumen did not likewise disengage heat in itfl 
transformations, Liebig'a classification would be strictly acoa- 
rate ; but in tho face of anatomical eriJcnco which shows 
that no such tissue exists, and in face of the pbysiologi- 
oal evidence that even albumen undergoes ehemical changes 
aoCDinpaiued by the disengagement of heat, the classification 
must be^cjeoted. Indeed, the anatomist must ask with sur- 
prise, whether what be calls tLe adipose tissue is, or is not, 
chiefly composed o£ fat ? Is the fat which exists in the 
muscles, cartilages, and bones, an accident — a thing not wor- 

I thy of being taken into account ? The answer cannot be 
dubiouB. In 100 parts of muscle there arc only 25.55 parts 
Eolid matter, and of these no loss than 4.25 arc fat. In 100 
porta of the white substance of the brain, fat bears the large 
proportion of 13.9, whereas albumen is only 9.9 ; in thegrey 
substance of the brain, the proportion of fat is 4.7 to albu- 
men 7.5. If after this it bo said that fat does not help to 
form tissue, is not an essential integral element of tissue, 
and consequently plastic, in the moat rigorous sense of the 
word, the anatomist must confess that he fails to understand 
the language employed. 
The reader need not be informed that Licbig is fully 
aware of the facts which can be brought against him, and 
that if he errs it is from theoretic bias. Ho is a chemist, 
and Tiewa these questloikB in a chemical light. To the cbem- 



ist muscle ia not a compound substance ; for all those sub- 
Htancoa over and above albumen which he finds in it, lie 
regards as mere aecessories ; the essential and characteristic 
element for him is the albuminous substance. But to the 
anatomist all the substances are essential, because it Is by 
their nniied properties that the muscle performs its peculiar 
offices. A muscle deprived of its water will no longer act as 
a muscle : the anatomist therefore regards water as essential 
to tlie muscle ; the chemist regards it as an accessory. In the 
laboratory the water may be disregarded : it will not inter- 
fere with chemical reactions. In the organism, the water is 
just as essential to the functional activity of the muscle as 
the albumen itself Liebig, however, regards water and fat 
as havbg only a physical influence : — 

" Many of the physical properties of organs, or tigsueB, 
depend on the presence of their non-nitrogenous constituents 
—namely of water and fat. These bodies assist in the 
changes and processes by which the organised structures are 
farmed. Fat has a share in the formation of cells; and on 
water depends the flaidity of the blood, and of all other 
juiees. So also the milk-white colour of cartilage, the trans- 
parency of the cornea (of the eye), the softness, plasticity, 
flexibility, and elasticity of muscular fibre and of membranesi 
all depend on a fixed proportion of water in each case. Fat 
is a never-failing constituent of the substance of the brain 
and nerves; hair, horn, claws, teeth, and bones, always con- 
tain a certain amount of water and fat. But in these parts 
water and fat are only mechanically absorbed, as ia a sponge, 
or enclosed in drops, as fat is in cells, and they may be re- 
moved by mechanical pressure, or by solvents, wiihout in {ha 
least affecting the structure of the parts. Tliey never have 
an organised form peculiar to themselves, but always take 
that of the parts, the pores of which they fill. They do not 
therefore belong to the plastic oonstituents of the body or of 
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the food."* A little further on he repeats the Btatetnent 
that, " they take no direct Bhare hy their elcmenta in tlie 
fonoatina of organs," ond that they have " no vital propcr- 

By tlicae expresaiona it is clear that, in hie view, organs 
are not formed out of fat and water, as welt as out of albu- 
men ; hat that these substancee are merely acocsaory, and 
aSbrd the requisite physical conditions ; just as, when wo use 
chloride of potassiain, the water in whieh the salt is dissolved 
counts for nothing in the chemical agency of the salt. And 
from several eonversations I had with this distinguished phi- 
losopher, in which he stated his point of view, I am persuad- 
ed that this is the explanation of all the dlfTerences which 
eiiflt between him and those physiologists who oppose his 
hypothesis. My answer then was, what it is now — namely, 
that to the anatomist, nerve-tiasue without fat is no longer 
vital nerve ; and blood without water is no longer vital blood. 
To Buppose that water simply gives fluidity to blood, when in 
trutli it is as much an integral constituent of blood as albu- 
men itself, is equivalent to saying that beat only gives ex- 
, pansion to steam — steam itself being, as all know, the product 
of the operation of heat on water. If fat has no vital 
properties in itself, neither has albumen in itself. To say 
that fat and water are " mechanically absorbed," is to eontra- 
diet anatomical evideuoB, which shows them to be structu- 
rally comiined, and always in constant quantities, varying 
ifithin very small limits. 

A elasaifioation of Food, more or less imperfect, wonld 
not trouble us did it not lead to important errors, as in the 
present cose. No sooner do we accept the idea of nitroge- 
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noTU food being tke plastic material, than we are landed on 
the proposition that " only those substancea are in a atriot 
eense uutritioua articles of food, which either contain albumen, 
or a substance capable of being coaterted into albamen "• 
— a proposition elsewhere expressed iu even a cruder form : 
" Only nitrogenous substances are capable of conversion into 
blood. "t Such paSBoges as these are only intelligible, coming 
&om BO eminent a writer, when we remember that the chemi- 
cal point of view dictates them. To the chemist, indeed, only 
nitrogenous substances are capable of conversion into Blood; 
but to tbo anatomist every substance which enters into the 
normal structure of Blood must be reckoned among those ca- 
pable of conversion into it. He cannot separate one part of 
the Blood from another, as the chemist does — he must take 
the whole structure as be finds it, for it is with the whole 
structure that the functions are performed. Now what does 
he find ? Examination of the structare of the Blood shows 
that, so far from being composed exclusively of mtrogenoua 

(Stances, it is composed of a variety of substanceSj among 
which the nitrogenous albumen and fibrine amount to less 
than SO in 1000 parts, including what must be added for the 
globulin and btematin of the blood-discs : that is all the ni- 

gen in the blood said to be composed solely of nitrogenous 
substances. No one knows this better than Liebig himself; 
yet his argument entirely overlooks it. 

Let it not be supposed that this discussion is without a 
practical bearing ; tbo whole question of Food depends on 
its decision. The chemical point of view is incapable of di- 
scting us to a single rule in practice : and to show how en- 
tirely it fails we may bo content with one fact ; The very 
substances said to be alone capable of conversion into blood 
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— the only " strictly nutritious Bubstances," are when taken 
alone, utterly unablo to nourish. 

" Muscular flesh," says Majendie, in the celebrated Report 
of the Gelatino Commission, " in which gelatiue, albumen, 
aud fibrine are combined, according to the laws of organic 
nature, and where ikey art associated toith other matters, 
such as fats, salts, &c., Bufficea, even in very small quantity, 
for complete and prolonged nutrition. Thus dogs fed for 
120 days solely ou raw moat, from sheep's heads, preserved 
their health and weight during this period, the daily con- 
sumption never exceeding 300 grammes, and often less. 
But 1000 grammes of isolated fibrine, with the addition of 
some hundred graranies of gelatine and albumen, were in- 
aufficient to support life. What, then, is this peculiar prin- 
ciple which render.1 meat bo perfect an aliment ? Is it the 
odorous and sapid matter which haa this function, as seems 
probable ? Do the salts, the trace of iron, the fatty matters 
and the lactic acid, contribute to the nutritive effect, not- 
vithstanding that they constitute so minute a portion of 
meat ? " • 

Tbe minuteness in quantity would be no argument against 
their potency of influence ; but far more important will be 
the state of combination of the various elements. " The al- 
bumen of egg, and the fibrine separated from the blood, may 
to the chemist be identical with the flbrinc and albumen which 
concur in the formation of muscle, incorporated there by a 
process of nutrition ; but they are not the same for the or- 
ganism which has to assimilate them, and which requires 
that they should be in a special state of elaboration, which 
they have undergone ia another organism; it is muscular 
flesh which the organism demands, and not the elements of 
which flesh is composed; it needs aliments, not ckemioid 
products." t 
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It has been found that doga perish of starvation when 
liberally supplied with albumen, or ■witi white of egg, or 
with fibrinc, or with mixtures of albumen and fibriue — if 
these substitutes conatitnte their Bole diet — whereas they 
flouriBh when fed on gluten alone, although, according to the 
chemists, gluten is identical with albumen and fibrine ; a euf- 
ficient proof that the nutritive value of a Bubstanoe cannot 
be determined by its chemical composition. 

Bnt tbia kind of proof awaita us on all sides. While 
Chemistry determines the nutritive value of foods according 
to their per-centage of nitrogen', esperience flatly contradicts 
the application of such a standard, for it shows ua that wheat 
contains only 2.3 per cent of nitrogen, whereas beans con- 
tain as much as 5.5 per cent, lentila 4.4 and peas 4.3; and 
yet, with this remarkable inferiority, in its per-oentage of 
nitrogen, wheat ia remarkably superior in nutritive value to 
beans, lentils, or peas. The discrepancy here is so glaring 
that Liebig has attempted to explain it. " The smoU quan- 
tity of phosphates which the seeds of the lentUs, beans, and 
peas contain Tnust be the cause of their small value as arti- 
cles of nouriahment, since they surpass all other vegetable 
food in the quantity of nitrogen which eaters into their com- 
position. But as the component parts of the boDCs (phos- 
phate of lime and magnesia) are absent, they satisfy tho ap- 
petite without inereaang the strength." • Tho argument 
might bo reversed, and the whole nutritive value assigned to 
the phosphates with equal justice. If nitrogen is the plastie 
element, and its per-ccntage afford tho trne nutritive stand- 
ard, the presence or absence of tho phosphates can have noth- 
ing to do with it ; and if their presence or absence Is all-im- 
portant, then wo are certain that nutritive value does not ad- 
mit of being estimated by the per-ceotago of nitrogen, but 
by the conjunction of nitrogen with other substances. 

' LiiDia: Ohamlitrji in U» J-ppUtmUon to AgrlaiUurt and PAyiiolai;i/ 
[■. WT. 
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It 19 noticenble tLat when Lieblg Laa to espkin t 
nutritive Inferiority of beans and peas, he finds tlio cauBo to 
lie in the absence of pliosphatea, which, as he truly Bays, are 
component paria of the bones ; whereas, when denying anj 
nntritive quality to fat, he refused to admit that it was a com- 
ponent part of tissues. Into such contradictions he 13 forced 
by his theory of nitrogenous subatances being the only plastic 
materials — a theory incessantly at variance with fact. 

Messrs. Lawes and Gilbert call especial attention to one 
series of their experiments, In which sheep fed on succulent 
unripe turnips " lost weight notwithstanding the very hiijk 
per-centage of nitrogen ; " * and, without laying any stress on 
the fact that Tcgctablo poisons arc highly nitrogenous, let us 
aek the dispassionate reader to reflect on the chaotic condi- 
IdoQ of a doctrine which, while proclaiming nitrogen to be 
the true standard of nutritive value, declares that gelatine, a 
snbstanco richer in nitrogDn than even fiesh or blood, has no 
natritlvQ value at all. We do not, indeed, attach much 
credit to thiii opinion, which we shall examine by-and-by 
but it is certainly in flagrant contradiction with the ohemi, 
oal hypothesis of nutritive values. 

In spite, therefore, of what is so confidently asserted, wc 
have the admission of chemists themsoivea that nitrogen is 
only nutritive in peculiar combinntions. The consequence 
I inevitable. Wo must direct our attention towards sub- 
Btances which do nourish, and disregard the chemical for- 
mulse which proclaim what substances ought to nourish. 



Inquiries 

ohemical hypothesis. 

We find, for exam 
on potatoes and skin 
; chiefly on 
which, in a chemical 



yield little that is satisfactory to the 

thouaands of Irish subsisting chiefly 
■A milk ; and miUions of Hlndooa 
ice and rancid butter — substances 
eshibit very little of the so- 

• Sipwl, p. 3CB. 



called plastic material. Paycn gives the following propor- 
tions ia 100 parts of rico : Staroh, 89.15; Nitrogenous mat- 
ters, 7.05; Dextrine, &c. 1.; Fata, 0.80; Cellulose, I.IO; 
Mineral mattera, 0.90. And Liebig himself caleulatea tte 
proportioD of plastic to uon-plastio material in rice, as only 
10 to 123 ; whereas in beef it ia 10 to 17, and in veal 10 
to 1. 

Respecting the rice-eating Hindoos, It may be observed 
that although. Dr. Forbes Watson's elaborate investigations 
have dispelled the TCry general notion of rieo forming the 
entire bulk of the diet of the inhabitants of the East, they 
also give an unequivocal refutation of the chemioal theory of 
Food. 

In the work on the " Food Grains of India," which is at 
this moment passing through the press, Dr Wataon remarks 
that " the stomach of the poor Kyot, large as it is, could not 
with impunity take in and digest the quantity of rice wbinb 
would be sufficient day by day to supply the wants of his 
syatem." " In a private communication he informs mo that 
where rice is cheap, as at the deltas of rivers and in other 
water-abounding situations, it forms the chief food of the 
inhabitants ; although disease ensues unless a certain pro- 
portion — say -J- to J of pitise, or dried fish, be added to sup- 
ply the required nitrogenous elements- In some parts where 
rice forms almost the entire food of the population, " pot 
bellies" and the results of starvation are visible in every 
direction. In all eases rioo, when procurable, forms two- 
thirds of the food, and may therefore be considered the staple 
food of a considerable population. " Nature, however, has 
taught the native to add pulses, or flesh, to his rice — just as 
she has suggested to the Irishman the free use of buttermilk 
to his potatoes." 

The facta are important. While admitting the proved 
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nutritive qaality of DitrogcDone food, such iia the pulsce, I 
am for from clear tbat the Hindoo is forced to mix them 
with his rice merely on account of tbe nitrogen thej contain. 
The fact tbot rice alone ia luaufficient to the effective sua- 
tainment of the organism, and that " pot bellies," diseases, 
and even Bigna of etarration are tbe conseijuoncea of its 
eicluBivc employment, ia only one among a series of facts 
whicli prove that man cannot flourish on one kind of food. 
Puleee arc even worse tlian rice when eaten alone. Albumen 
itself nay, milk itself, would not aoffioe alone. We are 
justified, therefore, in assigning this effect to some other 
oanae than the mere deficiency in oitrogeu ; and we are at all 
events certain that rice suffices to sustain the waste and 
repair of the organism, if not in a very admirable manner. 
And Dr. Watson further informs mo that tbe other grains of 
the Hindoos are all highly carbonaeeous ; although the na- 
tive, as a rule, combiuca these, when he can, so as to make a 
food which contains about eight or nine parts of carhon to 
one of nitrogen — which Dr. Watson regards as the proper 
standard for tropical as wdl aa temperate climates.* 

Now let U3 observe the bearing of these facts on tlie 
chemical theory of Food. Kice ia confessedly estremoly 
deficient in plastic, nitrogenous, elements; abundant in heat- 
making, carbonaceous, elements. Bice is therefore among 
the very anbatancea which, on the chemical hypothesis, the 
Hindoos would seem least to rec|uire. 

We are told that non -nitrogenous matters are incapable 
of entering into the composition of tissues, or of furnishing 
plastic material : " they only serve to keep up the tompera- 
tnre of the body, being rapidly burnt in the body." We are 
forther told that the demand for such substances is ncces- 

Lubio's cilculstioa of a BUDdard tooA la f.inr parts of Don-aitrDgenaiu to auo 
ofDltrogonouBinBttijr.— CTemiooi /.fBj™, ISM, p, B9I. Dr. WsTSOH Dnds Iha 
-mskliig BlomonU (lonble llUa qnimtilj— and in a hot cllmalB too. 
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earily mucli greater in cold than in hot conntriea, bcoanse of 
the greater amount of heat required to keep the body at ita 
proper point, 

" In winter, when we take exeroiee in a cold atmosphere, 
and when, consequently, the amount of inspired oxygen 
increases, the necessity for food containing carbon and 
hydrogen increases in the same ratio ; and by gratifying the 
appetite thus excited, we obtain the most efficient protection 
against the most piercing cold. The oxygen takeii into the 
syatem is given out again in the same form, both in summer 
and winter : we expire more earhon at a low than at a high 
temperature, and require more or less carbon in our food iu 
the same proportion ; and consequently more is respired in 
Sweden than in Sicily ; and in our own country, an eighth 
more in winter than in summer. If an equal weight of food 
is consumed iu hot and cold climates, Infinite Wisdom has 
ordained that very unequal proportions of oarlxin shall be 
taken in it. The fruits used by the inhabitants of southern 
climes, do not contain, in a fresh statCj more than 12 per 
cent, of carbon, while the blubber and train-oil which feed 
the inhabitants of the polar regions, aontain 66 to 80 per 
cent, of that element." * 

Considering the importance of the idea, one cannot hut 
be struck with the singular nieagrenesa of these illustrations. 
That fruits are eaten in southern climates which are less heat- 
producing, because they contain much leas carbon, than the 
train-oil eaten in polar regions, would be a tolerable argu- 
ment, if only fruits were eaten in the South ; but the 
Sicilian and Neapolitan eat more oil than the Swede, and 
their macaroni is a highly carbonised substance; and the 
Hindoo often subsists on rice and butter— substances highly 
carbonised, and classed as chiefly Kcppiratery, furnishing ii 



■ LiRBia; Chemical Li)tsr>,-\iSi,p.t3a; ci.V. 



J 



I 



I 



FOOD IN HOT AND COLD CLIMATES. 

Enperabundanoe that very lieiit which his climate renders ao 
imdeairable. 

According to theory., the Hindoo ehould eat very little 
QOU-iiitrogenoua food, and be content with plastic xabstances, 
dace be wastes his tissuee in daily labour, but does not stand 
in need of any eurplua heat; whereas, according to /orf, he 
eate very little nitrogenous food, and a great deal of " beat- 
making ' ' food. 

It is remarkable that such a contradiction to the chemi- 
cal theory should have been overlooked, especially by those 
who laid so much Btreas on the large consumption of nitro- 
genons food by the inhabitants of cold countries — a consump- 
tion said to be caused by the need of rapid combustion to 
sustain the aaimal beat. For my own part I sue no reason 
whatever to believe in the current hypothesis that food is 
" burned " in the organism ; and elsewhere (see chapter ou 
" Why we are Warm " ), will give reasons for that dissent, 
and for believing that it is the tissues which are burned (if 
burning there be) and not the food itself. Waiving this 
objection, however, for the present, let as consider merely 
the important conclusion to which Dr. Watson's researches 
have led him, namely, that the proper standard, chemically 
speaking, is the same for tropical and for temperate cli- 

And this damaging fact is brought into even greater 
relief by the experiments of Messrs. Lawes and Gilbert, 
as thus recorded by them : " The weather, during part of 
the period of this second series of experiments, was exceed- 
ingly hot ; from this several of the animals suffered consid- 
erably ; and some, cither from this or other causes, became 
quite ill, and died, or were 'killed to save their lives.' 
Nevertheless it is seen that there was upon the whole a 
larger amount of respiratory food consumed in relation to 
we^t in this series than in the previous one, during 



^L larger 

L 



72 



FOOD AND DSQIE. 



the cooler seaaou." * Againet such eridenee as tliis, tlio 
reapiratory nature of non-nitrogenouB food ia more than 
equivocal. 

It is a fact that, in cold coutitrios, fibt Aud oil arc greedily 
devoured; and it ia the most striking fact that can be ad- 
duced in favour of the Lypotliesia now under discusaion. Eat 
we have yet to learn that fat ia simply bo much " combusti- 
ble " material. The demand for fat in cold countriea may 
arise out of various conditions. Increase of cold causes in- 
creased activity of respiration, and increased activity of 
muscular exertion. These cause a greater waste of tissue ; 
consequently increased repair ia needed ; and as fat is indis- 
peasahlc to such repair, we oau therein see one source of the 
demnnd for fat. 

The reader will bear 
place disputiug the positi 
or that it is not one important ac 
point disputed is, whether fat is 






mind, that we are 
that fat is burned i 

of animal heat; the 
a heat-produeer, and 
the demand for it in cold countries only a demand for com- 
bustible material. On this point it is well worthy of remark, 
that Schmidt's researches prove /a( to be less easily comhus- 
iible in ike organism thajh the cario-hydrates, and even 
titan albuminates ; f bo that tho Hindoo, in his rice, eats a 
flubstauce more easily oxidiaable in tho organism than the 
tallow eaten by the Esquimaux. 

What has been abeady ^aid will perhaps suffice fo show 
how untenable a position is that which denies nutritive value 
to fata, sugar, ^rch, water, &c., throwing the whole burden 
of nutrition on the albuminous substances ; it may complete 
tho overthrow of that position if I now show that, while the 
fata are tissue-makers and heat-producers, the albuminates 
nre heat-producers and tissue-makers. 

• Jteporl, p. 840. 

t Sea un this polot BiDBn wd BaimDT, Dit Veniawiingiafit, pp. WMO, ind 
Lmhuv, LOirbiuA lUr PkyHeL OlMnft. 23 edit. toI. IIU pp. «I8,SW 



No one doubts that heat is evolved in the ehemioal 
changes which albumicates undergo ; the doubt raised can 
only be aa to the amount. Liebig saja : " If the combustible 
elements of the plastic constituents of food served for tha 
production of heat, the whole amount of the substancos 
consumed by the horee in his hay and oata, by the pig in its 
potatoes, could only suffice to support their respiratory pro- 
cess, and consequently their animal heat, in the horse for 4j 
hours daily, in the pig for 4 hours daily ; or if confined to 
plastic food, they would require to cousume five or six times 
as much of it. But even in this last ease it is e:!ceedingly 
doubtful whether these subatanoes, considering their proper- 
ties, would in the circumstances under which they are pre- 
sented to osygen in the organism produce the necessary 
temperature of tho body and eorapenaate for the los» of heat; 
fop of all organic compounds, the plastic constituents of food 
are those which posBees in the lowest degree the properties 
of combustibility, and of developing heat by their oxidation," • 

Every chemist would echo this statement, because Chem- 
istry teaches that of all the elements of the animal body 
nitrogen has the feeblest attraction tor osygcn ; not only so, 
but it even deprives other substances, with which it combines, 
of their tendency to unite with oxygen. Phosphorus, for 
estample, has an eager affinity for oxygen, as we know from 
its ready combustibility in atmospheric air at ordinary tem- 
peratures ; but when combined with nitrogen its combusti- 
bility is so difficult that it can only be effected at red beat 
and in oxygen gas. Liebig hence concludes, and from the 
chemical point of view is justified in concluding, that pre- 
cisely the same relations are preserved in the blood. The 
albuminous (nitrogenous) bodies have, be says, but a very 
alight affinity for oxygen. " If the albumen of the blood, 
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whiah is derived from tbQ plaatia portion of tlie food, pos 
aeaaed in a higher degree the power of supporting respiration, 
it woald be utterly unfit for the process of nutrition. Were 
albnmeD aa such deatructible, or liable to be altered in the 
circulation, by the inhaled oxygen, the relatively small quan- 
tity of it, daily supplied to the blood by the digestive organs, 
would quickly disappear. As long aa the blood contains, 
besidoa albumen, other substances which surpass it in attrac- 
tion for oxygen, bo long will the oxygen be unable to exert a 
destructive action on this the chief constituent of the blood ; 
and the significance of the non-nitrogenoua food ia thus 
made clear." 

It is not surprising that a theory so logical should have 
gained general acceptance ; and as a specioien of chemical 
reasoning on physiological problems it is very brilliant. 
Nevertheless, when we study what takes place in the organ- 
ism, we find direct and unequivocal contradiction given to 
each separate clause of tbo theory. We find races of men 
living always on vegetable food containing little nitrogen, 
and in climates whero a superabundance of animal heat is 
not needed ; so that to them non-nitrogenous food must be 
BufBcient for the chief supply of nntrition. 

And not only do numerous facts overpower the chemical 
hypothesis, but even Chemistry itself, when interrogating 
the facts of organic life, discovers that, however weak the 
affinity of albuminates for oxygen, out of the organism, their 
affinity, in the organism, surpasses that of fat. Schmidt, to 
whose experiments science is so deeply indebted, found that 
on feeding cats now with flesh alone, and now with fat alone, 
or with much fat and little flesh, the albuminates were always 
more rapidli/ destroyed than the fat, which was at first stored 
up inthe body to be afterwards gradually oxidised;" and these 
experiments arc confirmed by those of Porsoz in fattening geese 
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EXPEEIMENTS ON ANUtAIS, IS 

with maize : the blood of the fattened geeae was very rich 
. in fat, but notably impoverished in albumen ; the qaaotitj 
of muscular aubstance was mach dimiuiHhed, and whea the 
fattening waa rapid the weight of the vrLole body ivas abso- 
lotely diminished. It is therefore au error to say that if 
albumen were liable to oxidation, life would be impoBsible. 
Experiment proves it to be more liable than fat. 

To the chemiet these results will be paradoxical, if not 
inconoeiTable, and he will doubtless point to the well-ascer- 
tained fact that in starvation it is the fat which disappears 
first, the muscles only yielding up their elements to destruc- 
tion when most of the fat has been oxidised. This point has 
already been dwelt on by us when treating of Hunger and 
Thirst. All that can here be said is, that it needs to he rec- 
onciled with the seemingly contradictory facts. How slow 
we should be iu drawing conclusions from what talccs place 
out of the organism, as to what takes place In it, is taught 

n a hundred physiological facts : thus the fat which can 
be decomposed into fatty acid and glycerine by means only 
of the most energetic acids and alhalis in the laboratory, is 
changed in the organism by the pancreatic juice, which has 
but feeble chemical properties, but which brings about the 
result by means of an organic substance acting as a ferment.* 
might multiply to a great extent the objections 
which present themselves to the chemical classification of 
Food ; but those already stated are sufficient to show that 
it is erroneous in every particular, in spite of its logical de- 
^dence and plausibility. 

The only extensive series of experiments on feeding, with 
which we are acquainted, as immediately serviccahle, are 
those instituted by Messrs, Lawes and Gilbert, and to thorn the 
reader is referred ; because although they are by no means such 

Di BiBHAHD.- Ltcone dt Ph]/etoloi/le Ekpirimtntaii. Cmtrs drlBM-M, 
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aa, from tie nature of the esperimenta, 
any accurate data, they 



give Physiology 
practical results. 
They show among other things, that " although pigs were sat- 
isfied to eat a smaller proportion of food in relatiou to their 
weight, in those pens where the proportion of nitrogen waa 
comparatively large, yet the proportion of increase to the food 
consumed was hss than where the amount of nora-nitrogenous 
food consumed was greater." And further, that " whilst 
the non-nitrogenous suhstance consumed to produce 100 lbs. 
increase in weight is very nearly equal ia the two aeries ; 
yet that of the nitrogenous coustitueuts varies in the propor- 
tion of from three to two 1 " Again : " la the fourth pen, 
where there was by far the largest amount of nitrogen con- 
sumed, the animals lost weight ; and in the other three 
pens, the productiveness of the food is in the inverse order 
of ike amounts of nitrogen taken in the food. Indeed, we 
believe that an unusually high per-centage of nitrogen in 
succulent produce is frequently a pretty sure indication of 
immaturity and innutritjoua qualities." Summing up the 
results of their whole series of experiments, the largest yet 
instituted, they declare that it ia " their available non-nitro- 
genous constituents, rather than their richness ia nitrogenous 
ones, that measure both the amount consumed to a given 
weight of animal, In a given time, and the increase in weight 
obtained." • And they refer to the instinctive preference giv- 
en by the under-fed labouring clasacs to fat meat, auoh aa pork, 
over those meats which are leaner and moro nitrogenous. 

Long aa we have tarried over this part of our subjeot, 
the time will not have been misspent if it have clearly im- 
pressed tlie conviction that nitrogenous food is not the 
exclusively plastic food, and that pei'-centagos of nitroge 
afford no nutritive standard — the conviction that Liebig' 
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claESification, except id. a cbcmical point of view, is erroneous 
— and tbe conviction tliat Ciiemiatry ia incompetent to Eolre 
I tte problem of Food. 

m. Inobganic Food. — ^Ab soon as we relinquish the Be- 
dactive notion of physiological deductjon from chemical laws, 
and place ourselves at the proper point of view, namely, that 
of the organism to be noariahed, our classification of Food 
speedily falls under two main divisions — Inorganic and Or- 
ganio substances ; and, doubtless to the reader's surprise, 
the Inorganic turns oat to be tbe more important of the two, 
supposing always that a question of degree can lawfully bo 
entertained where both kinds are indispensable. 

We are not, indeed, accustomed to consider minerals as 
food, or water as highly nutritious ; but that is because we 
are not accustomed to consider the subject with the needful 
accuracy. Tell the first man you meet that water is on the 
whole more nutritious than roast beef, and tliat common salt, 
or bono ash, ia as much an edible as the white of egg, and it 
is probable that he will throw anxious glaaees across the 
streets to assure himself that your keeper is at hand. Make 
the same statements to the first man of science you meet, 
and the chances are, that he will think you very ignorant of 
organic chemistry, or that you are playing with a paradox." 
Nevertheless, it ia demonstrably true, and never would have 
worn the air of a paradox, if men had steadily conceived the 
nature of an alimentary subatance. 

That ia an aliment, which nourishes; whatever wc find 
in the organism, as a constant and integral element, either 
farming part o£ its etruoture, or one of the conditions of vital 
processes, that, and that only, deserves the name of aliment. 

But men have been seduced from this simple conception, 
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partly by Tain endeavours to ascertain in analysiB of food and 
excreta what are the troly mitritivc aubstancoB, and partly 
by misconceptions of tLc proceaaea of Nntrition. 

Nuirition in Plants and AnJmah. — Of these misconcep- 
tions there is one, widely spread, which declares, that while 
Plants arc able to nourish themselves directly by inorganic 
materials furnished them in the air, earth, and water. Ani- 
mals are incapable of thus drawingnourishment from iaorgacio 
materials, but depend solely on the organic materials pre- 
pared for them by Plants. The Plants feed on minerals, the 
Herbivora feed on Plants, and the Carnivora on the Herbi- 
vora. The cycle is complete, the symmetry of nature seems 
perfect. 

One feels a kind of .pity in having to disturb so elegant 
a formula ; yet the truth must be told, and the truth is, that 
not a single statement so espressed is altogether correct. 
Certain it is that Plants can, and do, convert inorganic suh- 
stanoes into organic, but it is not leas certain that this power 
is very limited, all except the simplest (perhapa not even 
these) needing organic principles to be yielded by the soil in 
which they grow. This destroys the distinotioa between 
Plants and Animals, by showing that both, more or less, de- 
pend on organic substances. It is this inability in Plants to 
dispense with organic matter, that renders manure ne- 
cessary.* 

While so much is certain, the general assumption is, that 
Animals are altogether incapable of converting any inor- 
gauio materials into organic ; and are rigorously dependent 
on Plants for every organic subatanea met with in their 
bodies. This assumption seems to me wholly unwarranted 
by any decisive knowledge yet obtained. The main argn- 
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tnent on nbich it rests, namely, that UDkea orgnnio sub- 
stiinces le givea in the food, and in certain proportionB, the 
animal perishes of pta,ryatIon, has no longer any coeiaive 
force when we reflect tliat starvation as inevitably follows if 
inorganic Bubstancea be withheld.* Organic substancea — 
of a low order it is true — huve been manufactured by the 
chemist out of inorganic eubstauces; and if urea, alcohol, 
and camphor are already capable of being made in the lab- 
oratory, I sec no reasou for supposing that even more com- 
plex BabsUnces may not be made in the vital organism, which 
is the seat of such incessant chemical transformations. f 

£e this as it may, the distinction between Animals and 
Plants falls to the ground when we sco that Plants da re- 
quire organic eubstances, and that Animals do nourish them- 
ficlves with inorganic substauces taken directly from earth, air, 
and water. We hew salt from the quarry to caat it in haud- 
iiils upon our stews and eoups, or in pinches on our meat and 
potatoes. Wo draw water from the spring to drink; and, 
like the plants, we draw gases (oxygen, perhaps also nitro- 
gen) from the air, to enter into those various combinations 
without which no life is possible, 

It may be unusual to call these nutritive principles, but 
if unusual, it ia not unscientific. If " to nouriBh the body " 
mean to sustain its force and repair its waste — if food en- 
ters into the living structure — and if all the integral constitu- 
ents of that structure are derived from food — there can be 
nothing imp roper in designating as nutritious, substances which 
have an enormous preponderance among the integral constitn- 
cnts. People who think it paradoxical to call water Food, will 
cease their surprise on learning that water forms two-thirds 
of the living body ; and they will perhaps cease to marvel at 
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the nutritive valua lere nttriliuted to minerals, on learning 
that when all the water is eliminated, and the Eolitla which 
form the remaining one-third are analysed, they are found to 
oontain no less than one-third of mineral suhatances which 
remain as aahes. Nor most the presence of these mineral 
Bahatancoa he regarded as accidental or unimportant. They 
are constant, constituent, essential. Blood ia not blood 
without its Baits and iron : bone is not bone without its 
phosphates; muscle is not muscle without its salts. 

Let us glance at one or two of these inorganic elements ; 
and, first, at phosphate of lime. There ia not a single hu- 
mour, nor a single tissue in the body, which ia without a cer- 
tain proportion of this salt. By removing it, the integrity of 
the tissue is destroyed, and all characteristic properties are as 
infallibly altered as if the organic elements were removed. If 
the needful quontity be withheld or withdrawn, the bonea be 
come weakened, as we see in pregnant women, whoso frao- 
tored limbs are with difficulty healed (sometimes not at all) 
simply because their phosphate of lime has been diminished 
by the demands of the child. 

A similar effect is noticeable in infants during teething, 
a period when the "rickets " often make their dreaded ap- 
pearance. 

But still more fatal is the effect of withholding this salt 
from the food, aa we learn in the striking experiments of 
Chossat, who withheld it from pigeons, allowing them to eat 
no more than was coutaiued in the grain and water on which 
he fed them ; they all perished miserably, after attacks of 
diarrhfBa and softening of the bones.* 

The absolute necessity of a supply of inorganic materials 

■ Tax B-tBBA fuDDd that Ibe gntntitr of pIiDspliib) of UmB <oDti!tied ti Hie 
twneA wu determlnod by Uielr rado of work; tbooaof tlie legA tiai foet wnUIn- 
iiig mors thin tba btim tnd hBodi, uul both Quae mon Uuu tba Hbs or tb« poa- 



moBGiJnC FOOD. 



81 



» 



I 



in Food is further illastratcd in one of the esperimcnla of 
Meears. Lawes and Gilbert, wlio note that " the pigs in the 
pen, where Indian meal alone was given, had hecomc affected 
with large tumours breaking out on their necks, their breath- 
ing and swallowing becoming at the same time diffioult. 
^e, in order to teat the quesition as to whether this arose 
from the defect of nitrogen or from other causes, supplied 
them with a trough of mineral substancea, they soon recov- 
ered from their complaint, and eventually proved to bo 
among the fattest and best of the entire series of pigs; at 
least a dealer in pork, with a practised eye, pnrchased, by 
preference, one of these animals from among the whole set 
of carcasses. The mineral mixture supplied to them was 
composed of twenty parts coal-ashea, four parts common 
salt, and one part supetphosphate of lime ; and for it they 
seemed to exhibit eonaiderable relish." • 

The point ia forcibly put by Liebig ; — " In the two pre- 
ceding letters, there has been ascribed to certain constituents 
of seeds, tubers, roots, herbs, fruits, and flesh, the power of 
supporting the processes of nutrition and respiration ; and 
it will appear as a very striking contradiction when it ia 
stated, that no one of these substancea by itself, neither 
oaseine alone, nor the substance of muscular fibre, nor the 
■Ibamen of eggs or of the blood, nor the corresponding 
regetable products, are able to support the plastic or forma- 
tiTo processes ; that neither starch, sugar, nor fat, can sustain 
the process of respiration. Nay, it may eicito still greater 
astonishment to add, that these subatances, even when mixed, 
no matter in what proportions, are destitute of the property 
of digestibility without the presence of certain other sub- 
atances; so much so, iadeed, that if these other eonditiona 
be ezclnded, the above-named compounds are utterly 
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unable to effect the coutinuanoe of life and the yital phe- 
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He then proceeds to eiplain that these matters are the 
B&lts of the blood, and examines, with his usnal acuteaess 
vhen dealing with chemical phenomena, tLo part played by 
the alkalis in the nntritiye process. 

We muBt remark, however, that even here the absence of 
the true anatomical point of view renders bis teaching in- 
complete j for he only takes into account the part played by 
the inorganic substances as conditions of vital phenomena 
(such as promoting digestibility and nntrition), entirely over- 
looking their part as integral elements of tissue, on which . 
many of the properties of tissues depend. 

It is from this mistaken view, we imagine, that ho omits 
water irom the list; yet anatomy assures us that water is an 
essential clement of tissue ; and its enormous preponderance 
in quantity is the expression of its pre-eminence in nutritive 
quality, and explains the paradox of water being, longo in- 
tervallo, the most sustaining of all articles. Life, we know, 
may be prolonged for weeks without any organic food being 
taken, if water be freely supplied ; but life will not continue 
many days when water is withheld. If, therefore, the pur- 
pose of Food be to enstain the organism, that article which 
sustains it longest, and can with least immunity be withheld, 
must be the most nutritive of all ; and thus water chums 
pre-eminenoe over beef. 

Water is so abundant around us, and it passes in and out 
of the system tvith such freedom, that we are naturally dis- 
posed to overlook the fact of its forming a constituent, toler- 
ably constant in amoimt. Many of its uses are accurately 
known. It dissolves gases, without which Respiration would 
be impossible ; and gives the tissues their elasticity, the hn- 
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mours their fluidity. It is the great vehicle of chemical 
change. If the lungs were formed precisely as tUey are, 
with tho single exception of having no moisture on their 
Eorfacee, Bespiratlon could not be effected; bb vi6 Bee when 
tlie fioh JB taken out of water, and its gills become dry by 
evaporation, The cornea of the eye owes its transparency 
to water, and the removal of that small quantity would ren- 
der vision a mere perception of a local change in temperature. 

But it ia unneceBsary to rehearse the manifold properties 
of water in the vital organiam ; we have said enough to show 
its eminence as Food. 

Common, Salt (chloride of s di m) an th r constant 
and universal substance which laim k a food. It 

forms an essential part of all the n fiu d and solids, 

except the enamel of the teeth ; a t tim nt t which at- 
tention is called, because Liebig n n p ss g f seems to 
deny that it forms part of the tis d 1 that in mus- 

cle chloride of potassium is abundant, but no chloride of 
sodium exists ; but the analyses of Von Btbra, Barral, and 
others, declare the existence of this salt in muaole. 

Common salt is always found in the blood, in quantities 
which vary within extremely narrow limits, forming less than 
a half per cent (0.421) of the entire mass, water included, 
and as much as 75 per cent of the ashes of the blood. This 
qoantity is wholly independent of any surplus contained in 
food; for the surplus ia either not absorbed, or ia carried 



* EoiIS mi Vmrdbii. : Tfatli da CMmle Analamlqus, II. llfl ; and Lehhaj 
1L«U; 111.80. 

\ChemUial Z«U<r>.1951, pp.MS, 406; ciL 1S50. p. 426. Tlist this etstcme 
Aould be left nnmodifled Is the more snip^^^ alnce It relHtea to a purdy cben 
ctJ qnestloB. WultoTerlooked by Llebig In hia ceTlalon of tba Lettars, oi do 
be maintain tiis eriginsl opinion Impita ot tie aoal^ea maiiabr others f Enongl I 
ns thatHo lutost salhoriHo8-to which majrbe added Professor Mulbb: Si 
•MHti itf Chemistry. 185T, lU. 691— prodalm the ciisteaoa of chloride of sodluiu 
muKle \a well ai other tluuei. 
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away ia the escretiona and perspiratioa ; * ard this showa 
salt to be aa anatomical constituent, not an accident. If too 
little salt be taken in the food, instinct forcea every animal 
to supply the deficiency by eating it separately. " The wild 
tuffalo frequents the salt licks of North- Western America ; 
the wild animals in the central part of Southern Africa are 
a suio prey to the hunter who conceals himself beside a Bait 
epring; and our domestic cattle mn peacefully to the hand 
that offers them a taste of this luxury. Trom time imme- 
morial it has been known that without salt man would mia- 
erably perish ; and among horrible punishments, entailing 
certain death, that of feeding culprits ou saltles3 food is said 
to have prevailed in barbarous times." f 

When Cook and Forster landed in Otabeite they aston- 
ished the natives who saw them eating white powder with 
every morsel of meat ; and every one remembers Man 
Friday's espressivo repudiation of salt. But the savngeB 
who ate no " white powder," ate fish ; and cooked their 
flesh in sea-water, rich in salt. In several parts of Africa 
men are sold for salt; and on the Gold Coast it is the most 
precious of all commodities. On tho coast of Sierra Leone 
a man will sell hia sister, bis wife, or his child, for salt, not 
having learned the art of distilling it from the sea. 

The properties of salt are manifold. It forms one of tho 
essential conditions of vital processes. It renders albumea 
soluble, and is necessary for digestion, being decomposed In 
the stomach into hydrochloric acid for the gasti'io process, 
and soda for the bile. 

Lain of Endosmosis. — Salt baa also a most important 
property, namely, that of aiding to cfiect the interchange of 



• De Slumulli ]iu uotlcad that people living on tba oo 
Mia, hsTD ndoddiHlliicieiueatsaltlatlieitpenpIraUni. 
t JoHSBToH : Chtrntetry of Qamman lAfl, p. MO. 
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fluids through the walls of the vessels, in accordance with 
that law of endasmosU, on which so many vital pi'occHBea 
depend — a law which we must pause for a moment to con- 
aider, since we shall hereafter have frequent occasion to 
invoke it. If a bladder be filled with alcohol, or any other 
liquid, and placed in an empty glass vessel, none of the 
alcohol will pass through the bladder into the vessel. If we 
pour alcohol into the vessel — or if wo pour any otlier liquid 
into it having the same density as the liquid eontaioed in 
the bladder — ^none will pass from the vessel ioto the blad- 
der, nor from the bladder into the vessel. We say the blad- 
der is " impermeable" by fluids ; and because of this imper- 
meability, we employ it to hold fluids. Nevertheless we make 
a great mistake in saying so. The bladder is perfectly per- 
meable, and will allow fluids to pass la or pass out, provided the 
conditions be slightly changed. Thus, if we place this blad- 
der of alcohol in a vessel of water, the water being a liquid 
of (Afferent dmsity from the alcohol, a surprising phenome- 
non occurs — the water penetrates rapidly into the bladder, 
and a little of the alcohol passes into the vessel. This 
action goes on till a complete equality of density is estab- 
lished between the fluid in the bladder and that in the vessel. 
This rushing in of the water is called 
endosmosis ; this rushing out of the 
alcohol is called exosmosis. The fol- 
lowing figure represents the endosmo- 
meter qf Dutrochet, the discoverer of 
this surprising law. 

The small bladder a is tied to a ; 
glass-tube d, open at both ends, a 
of which is bent, c. The bladder is 
filled with alcohol till it reaches the 
point of the tube d ; it is then placed in a vessel of water e ; 
and almost at once the alcohol, having its volume increased 




by the water which liaa penetrated the bladder, will be seen 
rising in the tube aod falllDg drop bj drop into the glass b. 
Tliis oontimaefi till the alcohol and water are completely 
mixed in bladder and vessel. 

Wa must not enter further upon this subject, interesting 
though it is. Enough, if we bear in mind that whenever an 
animal rmmhrane separates two fiuids of different densi- 
ties, a mutual interchange between those Jluida will take 
place. Thus although the minute blood-vessels, called ca- 
pillaries, are closed tubes, and would keep the blood in 
them as a bladder holds water, they suffer gases and liquids 
to pass through their walla /roni them, and into them, when- 
ever the gas or liquid outside is of a different density to 
that inside. 

We may now return from our digression to the consider- 
ation of Salt, which, by increasing tho density of the fluids 
into which it enters, is one of the many agents in endos- 
mosis. Indeed, so great are the services of salt, that we 
may confidently accept the statement of Dr. Bence Jones, 
that it is " a substance as essential to life as nitrogenous 
food, or non-nitrogenous food and water ; " * and if so es- 
sential, then assorcdly Food. 

It would lead us too far, and the excursioa would bo 
unnecessary, to examine separately all tbe inorganic sub- 
stances taken as Food ; enoogh has already been said to 
justify the classification, which places the inorganic beside 
the organic substances, as ono of the two great divisiuns into 
which the subject naturally falls. If we do not dine off 
minerals, nor find ourselves pleasantly munching a lump of 
^L chalk, as we should munch a lump of bread ; if, as a general 

^M rule, we eat mineral substances only in combination with 

^^ orgaoio substances, and not separately; the rule is absolute 

^P which forces ub to eat organic sohstanceB in combination 

^B •Bra 
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wiih inorganic, because in fact no pure organic substance 
can be found. It may seem absurd to talk of eating inor- 
ganic food, because we rarely eat it separately ; but in that 
sense it is absurd to talk of eating organic food, because 
organic substance, free from all admixture of the inorganic, 
has never been eaten by any man. 
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Iron Bs food- Acids, do Ibey proyent acnryy t— Does vLnpgar tetp peoplo tbin I 

Having in the preceding section argued some of the general 
queations relative to food, wc must now review, in a brief 
manner, the various Alimentary Principles of which food is 
composed ; and then we may pass on to the various articles 
of food consumed by man, 

1. £fect of different conditions. — The water which 
drowns us na a fluent stream, can be walked upon as ice. 
The bullet which, when fired from a musket, carries deati, 
will be harmless if gromid to dust before being fired. The 
crystallised part of the oil of roses, so grateful in its fra 
grance — a solid at ordinary temperatui'es, though readily 
volatile — is a compound substance containing exactly the 

e elements, and in e:(aetly the same proportions, aa tbe 
gas with which we light our streets. The tea which we 
daily drink, with benefit and pleasure, produces palpitations, 



BFFBCT OP CHAKGED 

s ti'cmblitigs, and even paralysis, if taken in excess ; 
yet the peculiar organic agent — called theine — to which te-a 
owea its qualities, may be taken by itself (as theine, not as 
tea) without any appreciable effect.* The water which will 
allay our burning thirst, augments it when congealed into 
snow ; so that Captain Ross declares the natives of the 
Arctic regions " prefer enduring the utmost extremity of 
thirst rather than attempt to remove it by eating snow."f 
Yet if the snow be melted, it becomes drinkable water; and 
it M melted in the mouth. Nevertheless, although, if melted 
before entering the mouth, it assuages thirst like other 
water, when molted in the mouth it has the opposite effect. 
To render this paradox more striking, wo have only to re- 
member that ice, which melts more slowly in the mouth, is 
very ^cient in allaying thirst. 

These facta point to an important consideration, which 
has been little regarded by the majority of those who have 
Written on Food : the consideration of the profound differ- 
ences which may result from simple differences in the slate 
of substances. The chemist, in his elementary analysis, 
necessarily gives no clue to such differences. . He tells us of 
what elements an article of Food is composed ; but he can- 
not tell us hom those elements are combined, nor in what 
state the substance is. Even when he has ascertained the 
real composition and properties of any substance, he haa 
stOl to ask the physiologist what are the conditions presented 
by the organism in which this substance is to undergo 
chemical transformation. 

We know that a change in the conditions will cause a 
change in the mauifestations of a force ; so that often what 
ordinarily takes place in the laboratory will not at all take 
place in the organism. Chlorine and hydrogen are gastjs 
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having a powerful affinity for each other — that is to say 
they will unite when brought together in the daylight ; but 
if we change the conditions — if we bring them together in 
the dark — their affinity is never manifested j and thua, while 
in the sunlight they rush together with explosive force, pro- 
ducing an intense acid, they will remain quiescent in the 
darkness, and there for all eternity would form no combina- 
tion. Again, this same chlorine decomposes water in the 
Buu's rays ; but in darkness it has no such power. 

If such are the effects of bo simple a change in the condi- 
liotig, it is easy to imagine how various must be the differ- 
ences between the phenomena which occur in the laboratory, 
and those which the same substances present under the 
complex conditions of the organism. 

2. Interference of Life. — The chemist employs vessels 
of glass, in which he isolates the substances he examines, 
keeping them free from the interference of other substances, 
because he knows that, unless such interference be avoided 
his experiment will be nullified. He knows, for example, 
that ft drop of water, which if poured into a red-hot cruci- 
ble flies up into his face as steajn, will rapidly pass into ica 
if a little liquid aulphuroua acid happen to be present. He 
knows, in short, that the stronger affinity prevents tlie action 
of the weaker affinity ; and, to be sure of his experiment, 
he must isolate his substances. 

But in the vital laboratory no such isolation ia possible. 
The organism has no glass vessels, no air-tight cylinders. 
Vital processes go on in tissues which, so far from isolating 
the substance introduced — bo far from protecting it against 
interference, do inevitably interfere, and are themselves in- 
volved in the very changes undergone by the substance. 
Tbus, while it is true that an alkali will neutralise an acid 
out of the organism, we must be cautious in applying such 
a chemical principle in the administration of drugs, because 
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the alkali may stimulate a greater Becretion of the gastrio 
Bcid ; BO that, over and above the amount neutralised, there 
will be a fiurplua of acid free, owing to the interference of 
the organism in wliich the proeess takes place. 

Besides the complications which occur from the inevita- 
ble interfereneo of the organiam itself, and from the diSer- 
eocea resulting from dilTercncea in the state of bodies, there 
are other com plications, arieing from cAusea peculiarly vital. 
In Biology, questions of Form are scarcely less important 
thaa questions of Composition, Spread out a cell into a 
layer, and you will find, that in ceasing to be a cell, it has 
ceased to act as such — it has lost all the properties which 
distinguished it as a cell. 

Thus, the green cells of the plant decomposes carbonic 
add. Even the torn leaf will equally fa the carbon and 
liberate the oxygen, provided its cells are preserved iu their 
integrity of form. But if these cells are crushed, or other- 
wise injured, this vital property ceases, because the cell alone 
is capable of manifesting it.* 

Under the influence of yeast, sugar is decomposed into 
alcohol and carbonic acid ; but if the yeast-eells be crushed 
and disorganised, their action on the sugar is said to be quite 
diSercnt : instead of converting it into alcohol and carbonic 
acid, they convert it into lactic acid. 

We must acknowledge, then, tjiut when certain combina. 
tions of carbon, oxygen, hydr(^en, nitrogen, and saltSj 
assume the form of a cell, the phenomena manifested are no 
longer simply chemical, but assume the speciality of vital 
action. 

Such considerations need all our attention in dealing 
with so complex a question as that of Food. They show 
the radical incompetence of chemical laws alone to solve the 
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questions of Physiology, and urge us to reject, as misdirected 
labour, all attempts at establishing anything more than 
chemical facts in the " Chemistry of Food." 

It was undoubtedly a great discovery which Mulder 
made in 1838, that the albumen of plants was identical, or 
nearly so, with the albumen of animals ; and consequently, 
that, when the os ate grass, and the lion ate the ox, both 
derived their nutriment from the same chemical substance. 
A great discovery ; but I cannot agree with Molescbott* in 
thinking this discovery first settled the basis of a science 
of food. It was a chemical triumph, fruitful in results to 
chemistry ; but its physiological bearing has been greatly 
exaggerated, and has given increased impetus to that chemi- 
cal investigation of Food, which, aa we have seen, cannot, 
in the nature of things, be other than misleading. And 
although Mulder bos shown the inaccuracy of the notion, 
that vegetable albumen is identical with the libriue of the 
blood, and v^etable caseine with the caseine of the blooilf — 
although he energetically repudiates, as unphilosophical, the 
idea of a chemical analysis furnishing any true standard of 
nutritive value — yet even he has not clearly stated what the 
true method of investigation must be. 

To the chemist there may be little or no difference 
between the plant and flesh, as Food ; to the physiologist the 
difference is profound : he sees the lion perishing miserably 
of inanition in presence of abundant herbage, which to the 
elephant or buffalo furnishes oil that is needful. The o 
eats the grass, and the tiger eats the os, but will not touch 
the grass. The flesh of the ox may contain little that is not 
wholly derived from the grass ; and the chemist, analysing 
the flesh of both, may point out their identity ; but tlie 
physiological question is not ; What are the chemical ( 
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Btituents of nutritive substances t it is : What are the sub- 
atonces which wilt nourish the organism J If the animal 
■will not eat, — or, having eaten, cannot assimilate, — a certain 
substance, that substance is no food for that animal, be its 
chemical composition what it may.* 

We thus see that digealibility is an important element in 
the estimate of Food ; unless the substance can be digested, 
it cannot be assimilated, cannot nourish ; although, perhaps, 
if assimilated, the substance might have a high value. A 
pound of beeisteak contains an enormous superiority of 
tisBue-making substance over that contained in a ]>ound of 
cabbage; yet to the rabbit the cabbage is the superior food, 
while to the dog the cabbage is no food at all. 

3. The JBlood as a standard of Food. — When we con- 
sider the part played by Food, as furnishing the materials 
out of which the organic fabric is constructed, and its actions 
facilitated, it seems natural to assume that the Biood is the 
proper standard we should have in view ; and that wo 
should designate those substances as Aliments which, directly 
or indirectly, go towards the formation of Blood. 

Yet, on a deeper scrutiny, this is seen to lead us a very 
little way. An analysis of Blood will neither give us a 
complete list of alimentary substances, nor indicate the 
alimentary value of each special substance. True it is that 
all the tissues are formed from the Blood, and that all ali- 
mentary substances, in their iinal state previous to assimila- 
tion, make their way into it. But we will briefly point out 
why, in spite of all this, the Blood can never furnish us with 
the desired standard. 

In the first place, while Blood is truly the vehicle of 
nutrition, it is at the same time the vehicle of many products 
of decay and disintegration. It carries in its torrent the 

• It le CDriotu that cunlvoni kei cliloB}-,eDDietliacB cidnalvisl;, on borbivons 
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materials for the use of to-day and to-morrow, but it ms^^ 
carries the materials which were vital yesterday, and are 
effete to-doy, unfit to be retained, and hurrying to tho 
various issues of excretion,* Blood is thus at once purveyor- 
general and general aewer, carrying life and carrying death. 
We shall therefore always find in it substances which are not 
alinaentary, mingled with those which are ; and we cannot 
separate these, so as to make our analysis of use. 

In the second place, among the substances normally 
current in the circulation we do not find several which are 
notoriously serviceable as aliments. Some of these, as 
theine, caffeine, alcohol, &c., are not present in the blood; 
and others, as fats and sugars, are present in quantities ob- 
viously too small for the amounts consumed as food. 

Finally, although substances are nutritive, or blood- 
making, in proportion to their resemblance to blood, yet 
this resemblance must exist a/ler, not before, the substances 
have gone through the process of digestion ; since no 
sooner is any substance taken into the stomach than a series 
of changes occurs — changes indispensable for its admission 
into the circulation, but which impress on it a very different 
character from the one it bore on its entrance. A beefsteak 
is assuredly more nearly allied in composition to the blood 
of an OS than is the dewy grass of the meadow ; yet the 
beefsteak will form no blood for the ox, because it cannot 
be properly digested, whereas the grass becomes converted 
into blood in the course of the changes impressed on it 
during digestion; and what was thus vnlike becomes like,OT, 
as we say, assimilated. 

The experiments of Claude Bernard are highly sugges- 
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tire on this puint. He found that if sugar, or albumen, 
were injected into the veins, it was not assimilated, but vas 
ediminated, unchanged, by the kidneys ; whereas, if cither 
substance were injected into the veins together with a little 
gastric juice, assimilation was complete. In another experi- 
ment he found that if sugar and albumen were injected into 
the portal vein (which would carry them through the liver, 
where certain changes are always impressed on them), they 
would be assimilated ; but if he injected them into the 
jugular vein, by which they would reach the lungs without 
passing through the liver, no assimilation would take place. 

We here once more sec the necessity of taking into 
account the organism and its vital acts, whenever we would 
attempt an explanation of Food. 

The general considerations which a priori caused us 
to relinquish the idea of finding a proper standard in the 
composition of the Blood, are fully confirmed by the results 
of Payen'a esperimenta, which show that Blood is not a 
good aliment. He fed pigs on equal proportions of flesh 
and blood, and found that they exhibited all the signs of 
starvation ; whereas, when fed under similar conditions, 
except that blood was replaced by an equal amount of flesh, 
they fattened and grew strong.* 

4. Milk as a slandard of Food. — The Blood, then, must 
be given up. Siiall we try Milk t Others have done so 
before us, making it the standard of Food, because it is 
itself an aliment which contains all the substances necessary 
for the nourishment of an organism during the most rapid 
period of growth. Out of millt, and milk alone, the young 
elephant, the young lion, or the young child, extracts the 
various substances which furnish muscles, nerves, bones, 
hair, claws, &c. ; milk furnishes these in such abundance, 
that the increase of growth is far greater during the period 

■pATm: IlmBabitiutee»Aliin»ntaire«.,-g.i&. 
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when the animal is fed exclusively on it, tLan at any subse- 
quent period of its career, " la milk," says Prout, " we 
should expect to find a model of what an alimentary sub- 
stance ought to be — a kind of prototype, as it were, of 
nutritious elements in general." 

The idea -wsls so plausible that its acceptance was general. 
Nevertheless nothisg is more certain than that milk is not 
this model food, since, however it may suit the young lion, 
or the young child, we cannot feed the adult iion, or the 
adult man on milk alone : wo can feed the lion on bones and 
water, and the man on bread and water, but not on milk. 
A model food for the young, it ceases to be so for the adult ; 
that relation which existed between the Food and the Organ- 
ism in the one case, no longer exists in the other. 

If milk does not furnish ua with an absolute standard 
(except for the young), it furnishes an approximative stand- 
ard of great value. Its composition points out the propor- 
tions of inorganic and organic substances necessary in the 
food of the juvenile organism, and of course approsimatively 
in that of the adult, la 1000 parts, milk contains — 

Water, 873 

Caseine (nitrogenous matter), . , 48 

Sugar of milk, 44 

Butter, 30 

Phosphate of lime, .... 2.30 
Other salts, 2.70 

1000 
The reader may remark with some surprise, that in an ali- 
ment so notoriously high in nutritive value as milk, the 
proportion of nitrogenous matter is so very insignificant 
(48 in 1000) as to render the hypothesis of nitrogenous 
matters being pre-eminently l/ie nutritive matters soniewhat 
perplexing. 
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The foregoing analysis of milk aids our investigation, by 
proving the necessity of four distinct classes of prineiplea in 
Pood. These four classes are, — 

1°, The Inorganic principles. 

2°. The Albuminous prieiples, 

3=. The Oils and Fats. 

4°. The Sugars. 
The proportions of these substances requisite will, of 
course, vary with the needs of the various organisms, as 
modified by race, age, climate, activity, and so forth ; but 
Nutrition will be imperfect unless all four are present, either 
as such, or else under conditions of possible formation — 
thus fats and sugars can, we know, be formed in the orgaiiiam 
with a proper allowance of materials ; and I am strongly 
disposed to think that albuminous substances can also be 
formed, though not unless some albumen be present to act 
aa a leaven. 

We are thus, by the principle of esclusion, reduced to 
the one method of investigation which remains, and that is 
to interrogate the organism, not the laboratory. 

" Eiperienoe, iliJly fi»ng our regarila 
On Nature's waats," 

must guide us in the search. To ascertain what substances 
are nutritious, we must ascertain those which really nourish ; 
and the relative value of these can only be ascertained by 
extensive and elaborate experiments on the feeding of ani- 
mals, conducted on rigorously scientific principles. In other 
words, we must adopt that very method which common 
sense has from time immemorial pursued ; with this impor- 
tant diiference, that instead of allowing it to be, as hitherto, 
wholly cmpirii.'al, we must subject it to the rigour, caution, 
and precision which characterise Science. 

And even when Science shall have established laws on 
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thia point, such ns may accurately espress the general value 
of each aubstance as food, there will always remain consider 
able difficulty in applying those laws, owing to that peouli 
arity of the vital organism, previously noticed — namely, 
that the differences among individuals are so numerous, and 
often so profound, aa to justify the adage, " one man's meat 
is another man's poison." 

Thus, while experience plainly enough indicates that, in 
Europe at least, meat is more nutritious than vegetables, 
tlioae who eat largely of meat being stronger and m.ore 
enduring than those who eat little or none ; we must be 
cautious in the application of auoh a principle. Difference 
of climate may, and difference of temperament certainly 
does, modify this question. The Sepoy, who lives chiefly 
on rice, would, it is said, outrun, knock down, or in any 
other way prove superiority in strength over the Gaucho of 
the Pampas, who lives on flesh. And not only are some 
oi^anisms ill adapted to a flesh diet, as we have seen ; but 
Andersson says, that the strongest man he ever knew 
scarcely ever touched animal food : this was a Dane, who 
could walk from spot to spot carrying a stone, which was 
so heavy that it required ten men to lift it on to his shoul- 
ders ; his chief diet was gallons of thick sour milk, tea, and 
coffee ;* a diet wiiich no ordinary man fiould support with 
success. 

Having diacussed the chief topics relating to Food in 
general, we may now ascertain what Science can tell us 
respecting the various Articles employed as nourishment by 
man. Our inquiry falls naturally under two heads — first, 
the Alimentary Principles, considered separately ; and next, 
the Compound Aliments, or those articles of Food and 
Drink which make up the wondrous variety of human 
nourishment, 

* Akdxissoh: Latt Sgami, p. K, 
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1. Albumen. — Thia siiliatance, iamilitir to all as the white 
of an egg, coustituteg au important dement in Food. It 
exista as a liquid iii the blood, aa a solid in flesh. When 
rawj or lightly boiled, it ia readily digested ; leas so when 
boiled hard, or fried. Majendie haa observed that the white 
of e^s combines many conditions favourable to digestion, 
for it ia alkaline, contains saline matters, especially common 
salt, in large proportions, and it is very nearly allied to the 
albumen found in the chyle and blood. It is liquid, but ia 
coagulated by the acids of the stomach, forming floceuli 
having slight cohesion, and rendered easily soluble again by 
the intestinal juices. 

Many people imagine that white of egg is injurious, or 
innutritious, and they only eat the yolk. To some this may 
be BO ; and when experience proves it to be so, white of egg 
should not, of course, be eat«n ; but, as a general rule, white 
of egg is agreeable and nutritious. Nevertheless, if given 
alone, neither white of egg nor albumen will continue to be 
eaten by auimals ; they soon cease to eat it, and, during the 
period in which it is taken, they show unmistakable signs 
of starvation. 

Albumen, then, ia highly nutritious ; and if we estimated 
the nutritive value of various articles soUly according to 
their amounta of albumen, we should place caviare, ox-liver, 
and sweetbread at the top of the list, leaving the ransele of 
beef very far below them. The following table shows the 
proportions of albumen in 100 parts of various articles of 
food: — 

Caviare, 31.00 

Ox-liver, 20.19 

Sweetbread, 14.00 

Muscle of pigeon, . . . 4.05 

" o£ veal 3.02 

« of chicken, . . . 3.00 

" of beef, .... 2.03 
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This table is very instructive, as showing the vanity of 
attempting by a chemical analysis to assign the nutritive 
value of any food. Beef is considered the m€)at nutritive 
of all these articles, which, according to this analysis, should 
be least so. This discrepancy is lessened, but not removed, 
when we take into account the quantity of fibrinc contained 
in tliese articles, namely — 

Sweetbread, 8 

Veal (niascle), .... 19 

Chicken (muscle), 20 

Beef (muscle), 20 

2. Fihrine is liquid in the soruni of the blood, and ia 
very closely allied to albumen — indeed, for a long while 
was supposed to be identical with it and with the fibrine of 
miisole, which is now more accurately called mMseuline (by 
Lehmann sgnlonin'). 

WheE the blood is drawn from the body, fibrine passes 
from the liquid to the solid stat«, and coagulates inta what 
is called the clot, which is nothing but solid fibrine enclosing 
some of the red corpuscles,* It was formerly supposed 
that this solidification was all that took place when blood- 
fibrine passed into muscular fibre ; but recent investigations 
have shown that muscle-fibrine is really a different substance, 
ollioi to, but not identical with, blood-fibrine. 

Albumen and fibrine are found abundantly in vegetables 
— the former being most abundant in wheat, rye, barley, 
oats, maize, and rice. Albumen is found also in the oily 
seed, such as almonds, nuts, &g. ; in tlie juic«s of carrots, 
turnips, cauliflowers, asparagus, &c.f Fibrine ia also 

* 3ee tbo ohftptcr on Tub STBrciTiTm AHTf rsia ot tbe Blood for detail! n- 
Bpcctlnt! tbe lerum, tlm tlUrlne, md the cloL 

t AlbuTnen (oral three tompo nods— basic, add, jind aeutnil. in tin wtllo of 

it li E Qcgml Bibamlnats lu Uio Uind. 
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abundant in the coreala, grap&juice, and t]ic juico of other 
vegetublea. 

Although closely allied to animal albumen and fibrine, 
vegetable albumen and £brine arc not identical with these 
substances, ditlering from them, both in composition and 
properties ; but the difTerences are so slight., that Vegetable 
albumen easily passes into animal albumen in the process 
of digestion. 

3. Caieine is another of the albuminous substances, and 
may bo regarded as a modification of albumen, into which 
it readily passes. It forms the curd, or ooagulable matter 
of milk. Unlike albumen, it does not coagulate by heat. 
in an open vessel, an insoluble pellicle is formed 
on the surface, as we oilon see in the milk-jug brought up 
with our coffee ; but this effect is produced by the action of 
the oxygen of the atmosphere. 

The proportion of caseine in different kinds of milk is 
a follows : — 

Cow's milk, 4.48 

Ewe's milk, 4.50 

Goat's milk, 4.02 

Aases' milk, 1.82 

Human milk, ..... 1.52 
It thus appears, we hope without derogation to human 
dignity, that asses' milk is considerably more like that on 
which we were suckled, than any other milk. Assea' milk 
may be given to infants with safety ; but goats or cow's 
milk must bo diluted — as all enperienced nurses know, 

Caseine forma the chief ingredient of cheese. It is an 
important element of food, as we see by its presence in 
milk, " The young animal receives, in the form i^ caseine, 
the chief constituent of the mother's blood. To convert 
caseine into blood, no foreign substance is rec^uircd ; and in 
1 of the mother's blood into caseine, no ele- 



I 



102 FOOD AND DKLNK. 

meals of the constituents of blood have been separateil. 
When chemically examined, caseine is found to contain » 
much larger proportion of the earth of bones than blood 
does, and that in a very soluble form, capable of reaching 
every part of the body. Thus, even in the earliest period 
of its life, the development of the organs in which vitality 
resides is, in the carnivorous animal, dependent on the supply 
of a substance identical in oi^anio composition with the 
chief constituents of ita blood," * 

Caseine is also foimd in beans, peas, lentils, almonds, 
nuts, and perhaps in all vegetable juices. 

These three bodies — albumen, fibrine, and caseine — from 
the readiness with which they are transformed into each 
other, are not inaptly designated "protein-bodies," even 
now that Mulder's idea of an organic radical, named by him 
"proteic," has been given up by all the leading chemists. 

In the egg we see caseine arise from albumen, and in 
digestion caseine passes back again into albumen. 

Fibrine, again, appears to be only albumen with an 
addition of oxygen ; and it may be easily reconverted into 
albumen by nitrate of potash. It differs from albumen in 
assuming something of definite structure when coagulated : 
it forma itself into delicate fibres, which albumen never does. 

There are many unexplained facts known respecting 
fibrine, which, when explained, may clear away other ob- 
scurities. Lehmann found, by experiments on himself, 
tliat animal diet produced moi'o fibrine in his blood than 
was product'd by vegetable diet — a fact seemingly at variance 
witii another fact, namely, that, during starvation, the quan- 
tity of fibrine is increased, as it is also during acute inflam- 
mations. Thus, animal diet, known to he nutritious, pro- 
duces one result known to bo characteristic of inflammation 
and starvation. 

• Xjbbio : Animal Cfftemiitrj/, p, 59, 
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Nor does the ditEculty cease here: the blood of the 
T^etable feeders, among animals, has more fihriiie tliaii 
that of the flesh-feeders ; yet the carnivorous dog has less 
fibrins when fed on vegetable food, than when hia diet has 
Tjeen exclusively animal. Finally, although herbivora have 
jnore fibrine than eamivora, birds have more than both. 

4. Gluten is not found iu animals, but exists abundantly 
in vegetables, and is the most important of all the nitro- 
genous substances, because, as we have seen, it is capable of 
supporting life when given alone. " It is the presence of 
gluten in wheaten flour that renders it pr&*mineutly nutri- 
tious ; and its viscidity or tenacity confers upon that species 
of flour its peculiar excellence for the manufacture of maca- 
roni, vermicelli, and similar pastes, which are made by a 
kind of wiredrawing, and for which the wheat of the south 
of Europe is peculiarly adapted,"* 

The following table, which is selected from Dr. Pcroira's 
work, gives the proportions of gluten in 100 parts of various 
vegetables : — 

Wheat, Middlesex (average crop), . . 19. 

" Spring, 24. 

" Thick-skinned Sicilian, . . . 23. 

" Polish, 20. 

" North American, . . . 22. 5 

Barley, Norfolk, 6. 

OatB, Scotland, 8. 7 

Eye, Yorkshire 10. 9 

Eioo, Carolina, 3.60 

" Piedmont, 3.60 

ilaize, 5,75 

Beans, 10. S 

Peas, 3. 5 

• BgjmDB'a ChtmUtrv, qootod by PiEHEi. On this subject see the ehaiJtec 
Tba BcMd wa uC," in Jomnvnfa Cf/umiitry nf Omaon tift- 
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Potatoes, 4. 

Turnips, 0. 1 

Cabbage 0. 8 

These four albuniinoid* substunces, namuly albumen, 
fibrme, cnseine, and gluten, are remarkable among other 
things for their extreme instability, — tlie readineaa with 
which they are ttansformed, or decomposed. It is this 
alterability which renders them peculiarly apt to act aa 
ferments, and to induce chemical changes in the substances 
with which they come in contact. It is on this alterability 
that their great value in nutrition depeiida. 

Purther, we must remark that, no matter what is the 
form in which they are eaten, whether as white of egg, 
flbrine, caseine, or gluten, these substances are all reduced 
by the digestive process to substances named peptones, under 
wluch forms only are they assimilable.f 

5. Gelatine. — There is perhaps no substance on our list 
which more interestingly illustrates the want of a true 
adentific doctrine presiding over the investigations into 
Food, than Gelatine : a substance richer in nitrogen than 
any of the albuminoid substances, yet denied a place among 
the plastic elements : a substance which, under the forms of 
jellies and soups, is largely given to convalescents, who get 
strong upon it, yet which, we are emphatically assured, has 
" no nutritive value whatever." Mulder says that no phy- 
sician, who baa had experience, could doubt the nutritive 
value of gelatine ; and we may be pretty sure tliat common 
usage, in such cases, is founded upon some solid ground, 
and that no substance is largely used as food which has 
not a nutritive value. 

Common usage, or what is called "common sens 
must not indeed be the arbiter of a scientific question j 1 

* AlbuminMd mttmn hATlbg the ebuutor of JjboinAlL 
t Sea Hut aDBuing chapter on DlQEBnoa AHb InuTttmiDN. 
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aa a right to be heard when it unequivocally contradicts 
the conclusions of Science ; and it can only ho put out of 
court on a clear exposition of the source of its error. In 
the present case, the savans pretend that Gelatine tannol be 
nutritive, common sense asserts that it doeg nourish ; and 
unless the fact can be proved against common sense, it will 
be reasonable to suppose that the savans are arguing on false 
premises. False, indeed, are the premises, and false the 
conclusion. But let us see what has been the course of 
■ inquiry. 

In 1682 the celebrated Papin discovered that bones con- 
tained organic matter ; and he invented a method of extrac- 
tion of this matter, which subsequently occupied the chemists 
and savans, in the early days of the French Revolution, 
with the laudable desire of furnishing food to the famished 
people. A pound of bones was said to yield as much broth 
as six pounds of beef, and, with the true fervour of inventors, 
the savans declared bone-soup to be better than meat-soup. 

In 1817, M. d'Aroet applied steam on a grand scale to 
the preparation of this gelatine from bones, promising to 
make four oxen yield the alimentary value of five, as usually 
employed. 

Great was the excitement, vast the preparations. In 
hospitals and poorhouses, machines were erected which 
made an enormous quantity of Gelatine. Unfortunately 
the soup thus obtained was found to be far from nutritious ; 
moreover, it occasioned thirst, digestive troubles, and finally 
diarrhcea. The savans heard this with great equanimity. 
They were not the men to give up a theory on the bidding 
of vulgar experience. Diarrhoea was doubtless distressing, 

science was not implicated in thai. The fault m.uat lie 
in the preparation of the soup ; might not the fault be 
I attributable to the soup-eaters t One thing only was posi- 
tive — that the &iilt was ngt in the Gelatine. 
5* 
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In this high and unshnken eonfidence, the aavana pursued 
their courso. Thousands of rations were daily distributed ; 
but fortunately these rations were not confined to the bone- 
Boup, or else the mortality would have been terrific. T"ew 
men of science had any doubts until M. Doling positively 
assured the Academy that experiments on himself, and on 
dogs, proved Gelatine, thus prepared, to be scarcely, if at 
all, nutritious. 

He found that employing a notable quantity in his own 
1 diet caused him rapidly to lose weight, and that during the 
; experiment he was tormented with hunger and occa- 
sional faintnesB. A cup of chocolate and two rolls nourished 
Mm more efi"ectually than two litres and a half of bone-soup 
accompanied by 80 to 100 grammes of bread.* 

These statements were confirmed by other experiment- 
ers ; and the confidence in Gelatine was rudely shaken, and 
would have been ignominiousiy overthrown, had not Ed- 
wards and BaJzBC published their remarkable memoir {1833), 
n which experiments conducted with great care and scientific 
rigour established the fact that although Gelatine is inevfficient 
to support life, it has nevertheless nutritive value. Dogs 
fed on gelatine and bread became gradually thinner and 
feebler ; but when fed on the same amount of bread alone, 

I their loss was far more rapid. 
At this period it became necessary to have the question 
definitively settled, and the French Academy appointed a 
Commission to report on it. This is the celebrated " Ge- 
latine Commission " so often referred to. The report ap- 
peared in 1841. It showed that dogs perished from starva- 
tion in presence of the Gelatine extracted from bones, after 
having eaten of it only a few times. When, instead of this 
insipid Gelatine, the agreeable jelly which pork-biitchera 
prepare from a decoction of difiiirent parts of the pig was 
• a Ufi \i t trifle more Ihrui a pint sdi) ji liilf ; s arimme is tbout IH palin. 
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given them, they at« it with reiish at first, then ceftsed to 
eat it, and died on the twentieth day, of inanition ; vhen 
bread, or meat, in small quantities, was given, the dogs lived 
a lunger time, but grew gradually thinner, and all finally 
perished. A striking difference was observed between bone- 
soup and meat-aoup : the animals starved on the iirat, and 
flourished on the seeond. 

The conclusion generally drawn from this Beport is, that 
Gelatine is not a nutritive substance. But all that is really 
proved fay the experiments is that Gelatine ahne is insuf- 
ficient for nutrition ; a conclusion which is equally true of 
albumen, fibrino, or any other single substance. For perif«t 
nutrition there must be a mixture of inorganic and organic 
substances : salts, fats, sugars, and albuminates. 

When animals are fed on albmnen alone, or white of 
egg alone, with water as the single inorganic element, they 
perish j but they live perfectly well on raw bones and water 
— the reason being that bones contain salts and small pro- 
portions of albumen and fats, to supplement the Gelatine, 
and they contain these in the state of organic combination, 
not in the state of chemical products. 

The paramount importance of this last condition may be 
gathered from the experiments mentioned in the Gelatine 
Report — namely, that boiling the bones, or digesting them 
in hydrochloric acid, and thus resolving their cartilaginous 
tissue into Gelatine, dealroyed this nutritive quality. The 
very bones which, when raw, supported life, fiiiled utterly 
when boiled. ITiis seems to show that Gelatine is so altend 
by heat aa to lose its power of fermenting, and so passing 
through the transformation necessary to assimilation. 

Attention is called to the fact of the very small propor- 
tions of Albumen which exist in the bones, as strikingly 
confirming my hypothesis respecting the power of the 
organism to form Albumen for itself, if a small amount be 
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, to act aa a sort of leayen. Moleschott also main- 
tains, on other grouiids, that Gelatine must be converted into 
Albumen, since the amount of Albumen in bones is in itself 
utterly insufficient for the demands of the tissues ; * and 
Mulder points to the fact that, vhca an animal is fed on 
Gelatine, we never find this substance passing away in the 
excreta : a sufficient proof that it must in some way have 
been incorporated with the organism, or decompsed in it, to 
Hubserve the purposes of nutrition.t 

Physiologists who admit some nutritive quality in 
Gelatine, have suggested that it is confined to the formation 
of the gelatinous tissues. This is one of those hypotheses 
which seduce by their plausibility ; and accordingly it has 
been frequently adopted, although physiological scrutiny 
detects that this is precisely one of the uses to which 
Gelatine can not be turned. For on the one hand we see 
that the herbivora have gelatinous tissues, although they eat 
no Gelatine ; and, on the other hand, we aee that even the 
camivora, who do obtain it in their ordinary food, cannot 
form their gelatinous tissues out of it, because Gelatine is 
found in their blood, from which all their tissues are 
formed. 

Bernard has shown that part of the Gelatine is converted 
into sugar ; and sugar, we know, is necessary to the organism. 
It may also be converted into fat ; and, as has been said, 
there ia much evidence to show that it may be converted 
into Albumen, among the complex processes of vital chemis- 
try ; but whatever may be the decision respecting this point, 
there can be no legitimate reason for denying that Goiatine 
ranks among nutritive principles. 

6. Fall and OiU. — These are various and important, 
including suet, lard, marrow, butter, and fixed oils. Vege- 
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First class, comprising those diffioult of digestion : Ollva 
oil, ftlmond oil, poppy-aeed oiL 

Second class, eotnprisiog those easy of digestion : Whale 
oil, butter and animal Gits, colourless liver-oil. 

Third class, comprising those vorj' easy of digestion : 
Pure liver-oil. 

It should be remembered that great differences are ob- 
servable according to the state in which oils are eAtcn, If 
taken by thcm.3elves, they are scarcely affected by the diges- 
tive process, and act as laxatives ; but if taken mingled 
with other subatance=, they may be reduced to an emulsion, 



Thus we eat olive oil with salad, or butter with bread, 
and the greater part is absorbed ; but the same amount of 
olive oil administered alone would act as a pui^e. It is 
owing, moreover, to the minute statfi of subdivision and 
mixture of the oils in all vegetable substances that they are 
SO much more digestible than animal fata. 

Dr. Pereira quotes the statement of Dr. Beaumont, that 
" bile is seldom found in the stomach, except under peculiar 
circumstances. I have observed that when the use of fat or 
oily food has been persevered in for some time, there is gen- 
erally a presence of bile in the gastric fluids." Upon which 
Dr. Pereira remarks that the popidar notion of oily or fatty 
foods " causing bile " is not so groundless as medical men 
have generally supposed. The reason of fat being indigest- 
ible is thus suggested ; " In many dyspeptic individuals, fat 
does not properly become chyraificd. It floats on the con- 
tents of the stomach in the form of an oily pellicle, becoming 
odorous, and sometimes highly rancid, and in this state ex- 
cites heartburn, nausea, and eructations, or at times actual 
vomiting. It appears to me that the greater tendency 
which some oily substances hnve than others to disturb the 
stomach, depends on thegreater facility with which they evolve 



volatile fiitty acids, which are for the most part cxccedinglj 
acrid iind irritating. The unpleasant ami distressing feelings 
oscited in many dyspeptics by the ingestion of muttfHi-&t, 
butter, and fish-oils, arc in this way readily accounted for, 
since all these substances contain each one or more volatile 
acids to which they owe their odor. Thus mutton-fat con- 
tains hircic acid ; butter, no loss than three Tolatile acids — 
viz. butyric^ capric, and caproic acids ; while train-oil con- 
tains phocenic acid."* 

The effect of a high temperature on ikt is to render it 
still more unsuitable to the stomnch ; and all persons 
troubled with an awful consciousness of what Digestion is, 
and not living in that happy eupeptic ignorance which only 
knows Digestion as a name, should avoid food in the cook- 
ing of which much fat or oil has been subjected to a high 
temperature— -as in frying in butter or lard. Melted butter, 
buttered toast, pastry, suet- puddings, fet hashes and stews, 
are afflictions to the dyspeptic ; and although the oil which 
is eaten with salad does not assist the digestion of the salad, 
as niany writers and most salad-eaters maintain, it is assured- 
ly far more digestible than any fat or oil which has been 
cooked, probably because it contains no free volatile acid. 

Besides the fats and^xed oils, there are certain volatile 
(essential) oils employed as condiments. These are con- 
tained in the leaves and seeds of sage, mint, thyme, marjo- 
ram, fennel, parsley, anise, and caraway ; to which may be 
added, mustard, horse-radish, water-cress, onions, leeks, and 
various spices. The Volatile oil contained in each of these 
substances stimulates but docs not incorporate itself with 
the organism, and is soon ejected, retaining its characteristio 

T. Slarck. — The gentle housewife, familiar with starch 
only in its relations to the wash-tub, will be probably sui- 
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prised at meeting with it among artidea of food ; yet under 
the various namea of amjluni, fecula, farinaceous matter, 
and starch, this substance, widely distributed over the vege- 
table kingdom, ranks as an important alimentary principle. 
It must, however, be cooked before it can be eaten. It is 
never found in the blood, nor in the tissues, so that we are 
oertwn it is transformed during the digestive process ; and 
some of these transformations have been detected : first, asit 
passes into dextrine, and thence into sugar, and most proba- 
bly fat. 

The various starchy substances — sago, tapioca, arrow- 
root, and tout lea moia, have been so amply treated of by 
Professor Johnston in his admirable Chemistry of Common 
Life, that our readers need only be directed to his pages. 

8. Sugar. — Sugar exists abundantly in vegetables, and in 
some animal substances, notably milk and liver. Dr. 
Pereira has compiled the following table, which exhibits the 
proportion of sugar in 100 parts : — 

Barley-meal, 5.21 

Oatmeal 8.25 

Wheat-flour 8.48 

Wheat-bread, 3. 6 

Rye-meal, 3.28 

M^e, 1.45 

Eice, 0.29 

Pease, 2. 

Figs, 63. 5 

Greengages, . . , 11.61 

Fresh ripe peara, , 6.46 

Gooseberries, . . , 6.24 

Cherries, 18.12 

Apricot, 11.61 

Peach, . .... 16.48 
Beet-root, S. 



That Bugar is nntritioua no one doubts Although 
easily digested, there are persons with whom it disagrees, 
and in some dyspeptics it produces flatukrcy and acidity. 
There is no tissue into the composition of whiuh it enters as 
a constituent, unless wo make an exception m Ja\or of mus- 
cle, irt which Scherer has discovered a substance, hy him 
named itiosite, having the chcmk-al composition of sugar 
(C" H" O"), but having none of its chajacteristic proper- 
ties, and existing, moreover, in extremely minute quantities. 

The sugar we find in the blood and milk is not derived 
from the sugar we eat ; thai is transformed into fat, lactio 
acid, and other substances. The sugar of the blood is formed 
partly from the starchy substances of our food during the 
process of digestion ; the rest ia formed by the liver, and ia 
formed from albuminous substances in their passage through 
the liver ; the quantity being wholly independent of any 
amount of sugar taken in the food, and being the same in 
amount when none is taken in the food.* 

Because sugar forms part of no tissue, and is a carbohy- 
drate, it ia classed by Liebig's school among heat-making 
foods. But we not only saw ample reason for rejecting such 
an idea when we considered the general question — wc must 
even more peremptorily reject it, now that we come to 
grapple with the details. Against the supposition of sugar 
having no plastic property, it is enough to oppose the fact 
that many insects feed solely on sugar and saccharine juices ; 
and in them, therefore, it is clear that something more than 
heat is evolved from sugar. Lehmann also bids us romem- 

r of this OQgiT'fbrmEiig ftaDclIon of tba Iivpt bu 
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bor that in the egg a small quantity of sugar exists, and this 
quantity increases, instead of diminishing, as the development 
of tie chick proceeds ; whereas, if sugar only served for 
purposes of oxidation, it would bo oxidised and disappear as 
development advanced. 

In the Cltemiiiry of Common Life, the subject of sugar 
is treated in detail, which renders repetition here superfluous. 
Two questions only need be touched on. Is sugar injurious 
to the teeth 1 Is it injurious to the stomach t 

To answer the first, we have only to point to the Ne- 
groes, who eat more sugar than any other human beings, 
and whose teeth are of enviable splendor and strength. 

To answer the second is not so easy ; yet, when we 
leom the many important offices which sugar fultils in the 
organism, we may bo certain that, if injurious at all, it is 
only so in excess. The lactic acid formed from sugar, dis- 
solves phosphate of lime, and this, as we know, is the princi- 
pal ingredient of bones and teeth. By its dissolution it be- 
comes accessible to the bones and teeth ; and as sugar effecta 
this, its utility is vindicated. But a surer argument is 
founded on the instinct of mankind. If we all so eagerly eat 
sugar, it is because there is a natural relation betweeen it 
and our organism. 

Timid parents may therefore check their alarm at the 
sight of juvenile forays on the sugar-basin when not exces- 
sive ; may cease to vex children by forbidding moderate 
commercial transactions with the lolly-pop merchant, and 
cease to frustrate their desires for barley-sugar by the 
never-appreciated pretext, that the interdict is " for their 
goud." 

9. Alcohol. — If it astonished the reader to see water and 
salts classed as alimentary principles, if it puzzled the house- 
wife to se« starch placed on the same list, it will, we fear, 
exasperate the members of Temperance Societies to see 
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alcohol elevated to that rank. They are accustomed to call 
alcohol a poison, to preach against it as poisonous in large 
dosea or small, conecjiti-atcd or diluted. Nevertheless, in 
compUanee with the dictates of Physiology, and, let me add, 
in compliance also with the custom of physiologists, we are 
forced to call alcohol food, and very efRcient food too. If it 
be not food, then neither is sugar food, nor starch, nor any 
of those manifold aulistanees employed hj man which do 
not enter into the composition of his tissues. That it pro- 
duces poiaonoua effects when concentrated and taken in large 
doses, is perfectly true ; but that similar effects follow when 
diluted, and taken in small doses, is manifestly false, as 
proved by daily experience. 

Every person practically acquainted with the subject 
knows that concentrated alcohol has, among other effects, 
that of depriving the mucus membrane of the stomach of all 
its water — i. e. of hardening it, and destroying its powers of 
secretion ; whereas diluted alcohol does nothing of the kind, 
but increases the secretion by the stimulus it gives to the 
circulation. The alcohol is always much diluted which is 
taken in wines or spirits. 

An instructive illustration of the difference between a 
concentrated and diluted dose is se*n in Bardeleben's experi- 
ment on dogs. He found that forty-five grains of common 
salt, introduced at once into the stomach through an open- 
ing, occasioned a secretion of mucus, followed by vomitings ; 
whereas five times that amount of salt in solution produced 
neither of these effects. The explanation is simple, and will 
be understood by any one who has seen the salt, which was 
sprinkled over a round of beef, converted into brine, owing 
to the attraction exercised by the salt on the water in the 
beef: this attraction is incalculably smaller when the salt is 
In solution, and the salt is already saturated. 

We might multiply examples of the differences which 
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result from the use of concentrated and diluted agents, or 
from difFerencca in the quantities employed ; aa when a cer- 
tain amount of acid assists digestion, but, if increased, ar- 
rests it. But the demonstration of such a position is un- 
necessary, since no well-informed physiologist will deny it. 
The fallacy of concluding that whatever is true of a large 
quantity of concentrated alcohol is equally true, in a propor- 
tionate degree, of a small quantity of diluted alcohol, lies in- 
deed at the basis of the Total Abstinence doctrine. But we 
need scarcely tell the student that the difference of effect is 
absolute : a difference in kind, and not simply in degree. 

Another fallacy in the Teetotal argument, and one con- 
stantly invoked, is this : You must abstain altogether from 
alcoholic driota, since, unless you abstain, you are certain 
to end in excess. Moderation necessarily becomes excess, 
because the frame gets habituated to stimulants ; and thus, 
to produce the original effect, you must gradually increase 
the dose : according to Dr. Carpenter, that which was " at 
first sufficient to whet the appetite and increase the digestive 
power, being no longer found adequate." 

I have elsewhere* answered this, aa well as the other 
fellaciea of Teetotalism, and will venture to repeat a few 
saitences hero : " He who drinks will drink again, and 
Moderation, wo know, oils the hinges of the gate leading to 
Excess. Nobody doubts the danger. The only absolute 
preservative against taking too much, is to take none. But 
to suppose there is any necessary connection between mod- 
eration and excess, is to ignore physiology, and fly in the 

face of evidence Men take their pint of beer, 

or pint of wine dmly, for a series of years. This dose daily 
produces its effect ; and if at any time thirst or social seduc- 

' Wt»lmivtlar- Smitvj. New Scrioi, vol. ylLL Art. Ttu Ph)ialiili>gfcdl Srron 
rtttolalism. Comparo.iijio, OttiUBms: I^ulbm and iU Dcrangfmwlt, p, 
■W, wlun >ome ot Uii> ugnidfiDti nn mUiMil. 
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tion makea them drialc a quart in lieu of a pint, they are at 
once made aware of the esi-ess. Men drink one or two 
cups of tea or coffee at breakikst with unvarying regularity, 
for a whole lifetime ; but who ever felt the necessity of grad- 
ually increasing the amount to three, four, or five cups 1 
Yet we know what a stimulant tea is ; we know that treble 
the amount of our daily conaumption would soon produce 
paralysis — why are we not irresistibly led to this fatal excess! 
Every time fresh oil is poured on fresh burning coal, the same 
phenomenon presents itself; every time an eel is skinned, he 
■wriggles with ancestral vigor, and will not become ' used to 
it.' In like manner, every time a fresh stimulus is applied 
to fresh nerve tissue, the original effect ensues. For we 
must not forget this : the tissue burnt to-day is not the tis- . 
sue that was burnt yesterday ; the nerve particles stimulated 
by alcohol to-day will not be living to-morrow, when fresh 
stimulus is applied. Change — incessant change, is the law of 
our being. Fresh food renews fresh tissue for fresh stimulants 
to act upon. The basket is always wriggling with eels ; but 
the eels are strangers, and can't get used to likinning." 

On the other hand, it is needless to dwell on the dangers 
which unhappily surround the use of alcohol. Terrible is 
the power of this " tricksy spirit ; " and when acting in con- 
junction with ignorance and sensuality, its effects are appal- 
ling. So serious an influence does it exercise on human wel- 
fare, that we may readily estenuate the too frequent exagger- 
ations of those zealous men who have engaged in a league 
for its total suppression. So glaring are the evils of intem- 
perance, that wo must always respect the motives of Tem- 
perance Societies, even when we most regret their exaggera- 
tions. They are fighting against a hideous vice, and wo 
must the more regret when zeal for the cause leads them, as 
it generally leads partisans, to make sweeping charges, which 
sense is forced to reject. All honour for the brave 
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and sincere ; all scorn for tlio nuisy shallow quacks who 
make a trade of the cause ! 

No real gain can be acUieved by any cause when it eludes 
or perverts the truth ; and whatever temporary effect, in 
speeches or writings, may arise from the iteration of the 
aiatement that alcohol is poison — a poison in small quanti- 
ties, as in large — always and everywhere poisonoua — the 
cause must permanently lose ground, because daily espe- 
rience repudiates such a statement as manifestly feJae, 
Alcohol replaces a. given amount of ordinary food. Liebig 
t«lls us that, in Temperance famUies where beer was with- 
held and money given in compensation, it was soon found 
that the monthly consumption of bread was so strikingly in- 
-creased, that the btfer was twice paid for, once in money, 
and a second time in bread. lie also reports the experience 
of the landlord of the Hotel de Russie, at Frankfort, during 
the Peace Congress : the members of this Congress were 
mostly teetotalers, and a regular deficiency was observed 
every day in certain dishes, especially farinaceous dishes, ' 
pudding, &c. So unheard of a deficiency, in an establish- 
ment where for years the amount of diahea for a given num- 
ber of persons had so well been known, ejccited the land- 
lord's astonishment. It was found that men made up in 
pudding what they neglected in wine. Every one knows 
how little the drunkard cats : to him alcohol replaces a 
given amount of food. 

The general opinion among phyaiologista is, that alcohol 
is only heat-producing food, and that it thereby saves the 
consumption of tissue. Molcsehott says that, although form- 
ing none of the constituents of blood, alcohol limits the comr 
bustion of those constituents, and in this way is equivalent 
to so much blood. " He who has little can give but little, 
if he wish to retain as much as one who is prodigal of hia 
wealth. Alcohol is tbe savings' bank of the tissues. He who 
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eats littlo, and drinks alcohol in moderation, retains as muuh 
in his blood and tiasiies as he who eats more, and drinks no 
alcohol."* But the physiological action of alcohol is still 
unexplained ; we know that it does sustain and increase the 
force of the body ; wo know that it supplies the place of a 
certain quantity of food ; but how it does this we do not 
know. It is stud to be " burnt " in the body and to make its 
exit as carbonic acid and water ; but no proof has yet been 
ofiered of this assertion. Some of it escapes in the breatli, 
and in certain of the secretions ; but how much escapes in 
this way, and what becomes of the rest, if any, is at present 
a mystery. 

10, Iron. — We are passing Seam surprise to surprise as 
we in turn arrive at substances undoubtedly claiming rank 
among alimentary principles, which neverthulesa, in the 
ordinary conceptions of men, are the very opposites of 
Food. After water, phosphates, stareh, and alcohol, are we 
now to celebrate the nutritive qualities of iron 1 Even so, 
ThaA metal circulates in our blood, forming indeed an esgen- 
tial element of the blood discs — existing in all pigments — in 
the bile — in various other places — notably in the hmr, where 
i abundant in proportion to the darkness of the color. 
The quantity of iron in the blood is but small ; varying 
in different individuals, and different states of the same in- 
dividual ; tliuse who are of what is called the sanguine t«m- 
peram.ent have more than those of the lymphatic tempera- 
ment ; those who are well-fed have more than those who 
) ill-fed. It is in almost all our animal and vegetable fiiod, 
that wo do not habitually need to seek it ; but the physi- 
B often has to prescribe it, either in the form of " st«el- 
Trine," or in that of chalybeate waters.} 
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11. Phonphorim and Sulphur are also indiapensahlo, but 
they are received with our food. 

12. Acids are receiTcd with vegetable food ; but they 
are also taken separately, especially the acetic acid, or vine- 
gar, which, according to Prout, has either by accident or 
design been employed by manliind in all ages — that is to 
say, substances naturally containing it have been employed 
as aliments, or it has been formed artificially. 

It 13 owing to their acids that fruits and vegetables are 
necessary to man, although not necessary to carnivora. Dr. 
Gudd justly points to the prolonged abstinence from succu- 
lent vegetables and fruits as the causa of the scurvy among 
sailors. Lemon-juice is now always given to sailors with 
their food ; it protects them from scurvy, which no amount 
of vinegar is sufficient to effect. 

We make cooling drinks with vegetable acids ; and our 
salads and greens demand vinegar, as our cold meat demands 
pickles. Taken in moderation, there is no doubt that 
vinegar is beneficial, but in excess it impairs the digestive 
oi^ans ; and, as wa remarked a little while ago, experiments 
on artificial digestion show that if the quantity of acid be 
diminished, digestion is retarded ; if increased beyond a cer- 
tain point, digestion is arrested. 

There is reason, therefore, in the vulgar notion, unhap- 
pily too fondly relied on, that vinegar helps to keep down 
an alarming adiposity, and that ladies who dread the disap- 
pearance of their graceful outline in curves of plumpness ex- 
panding into " £it," may arrest so dreadful a result by 
liberal potations of vinegar ; but they can only so arrest it 
at the far more dreadful expense of their health. The 
amount of acid which will keep them thin, will destroy their 
digestive powers. 

Portal gives a case which should be a warning ; " A few 
years ago a young lady in easy circumstances enjoyed good 
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health ; she was very plump, had a good appetite, aud a 
complexion blooming with roses and lilies. She began to 
look upon her plumpness with Buapicion ; for hor mother 
was very fat, and she was afraid of becoming like her. Ac- 
cordingly, she consulted a woman, who advised her to drink 
aglass of vinegar daily : the young ladyfollowed her advice, 
and her plumpness diminiahed. She was delighted with the 
success of the experiment, and continued it for more titan a 
month. She began to have a cough ; but it was dry at its 

, commencement, and was considered as a slight cold, which 
would go off. Meantime, from dry it became moist ; a slow 
fever came on, and a difficulty of breathing ; her body became 
lean, and wasted away ; night-sweata, swelliiig of the feet 
and of the legs succeeded, and a diarrho^ terminated her 
life." 

Therefore, young ladies, be boldly fat ! never pine for 
graceful slimness and romantic palor ; but if Nature means 
you to be rnddy and rotund, accept it with a laughing grace, 

k which will captivate more hearts than all the paleness of a 
Circulating Library. At any rate, understand this, that if 
vin^ar will diminish the fat, it can only do so by affecting 
your health. 

We have thua touched upon the chief Alimentary Princi- 
ples, and will now review the Compound Aliments, or those 
artieloB of Food and Drink which constitute and vary our 
diet. 
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Man is said, with but alight eitaggeration, to be omnivorous. 
If he does not eat of all things, ho eats so multifariously, 
that our limits would be insufficient to include even a super- 
ficial account of all the substances employed by him as Food. 
We must therefore be content to let attention fall on the 
principal groups. 

1. Meals. — It is superfluous to dwell on the fact that 
the flesh of most ho bivora, both wild and domestic, is both 
agreeable and nutritious ; even the advocates of a purely 
vegetable diet do not dispute he flavour or the potency 
flesh, whatever consequences they may attribute to the 
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ing of it. It contains some of the chief alimentary princi- 
ples : namely, albumen, fitrine, fat, gelatine, water, salts, 
and o»maiome. 

The last-named is a substance of reddish-brown colour, 
havingthesnielland flavour of soup (whence the name — otrfiyj, 
smell, and ^wiuk, soup) ; it varies in various animals, in- 
creasing with their age. It is this osmazome, developed 
during the proceaa of cooking, which gives their cliaracter- 
istic flavors to beef, mutton, goatrflesh, and birds, &c 

The flesh of young animals is tenderer than that of 
adults ; and tenderness is one quality which flavours diges- 
tibility. Nevertheless we shall err if, fLving our attention 
on this one quality, we assume that the flesh of young ani- 
mals is always more digestible than that of adults ; we shall 
tind veal to be leas so than beef, and chickens less so than 
beef. The reason given for the first of these exceptions is, 
that veal hoa less of the peculiar aroma developed in cook- 
ing ; the reason given for the second is, tliat the texture of 
chicken is closer than that of beef, and, being closer, is leas 
readily acted on by the gastric juice. Every one knows 
that veal is not very digestible, and is always shunned by 
the dyspeptic. On the other hand, in spite of chicken being 
less digestible than beef, it is more suitable for a delicate 
stomach, and will be assimilated when beef, or other meat, 
would not remain in the stomach, — an example which shows 
us that even the rule of nutritive value, being determined 
in a great measure by digestibility, is not absolute ; and 
which further shows how cautious we should be in relying 
upon general rules in cases so complex. 

The ago of animals is very important. Thus the flesh 
of the kid is very agreeable ; but as the kid approaches the 
adult period, there is so pronounced an odour developed from 
the hircie acid in its fat, that the flesh becomes uneatable. 
Whereas the ox and cow, fattened for two years after reach- 



ing full growth, have acquired the perfeotioE of their 
aroma and flavour. The diflerence between lamb and mutton 
is very marked, eapeciaJly in their fat, that of mutton con- 
taining more fatty acid, and being to many stomachs quil« 
intolerable. 

" All the savoury constituents of flesh are contained in the 
juice, and may be entirely removed by lixiviation (process 
of dissolving) with cold water. When the watery infusion 
of flesh thus obtained, which is commonly tinged red by 
some of thecolouring matter of the blood, is gradually heated 
to boiling, the albumen of Jlesh separates, when the temper- 
ature has risen to 133° Faiu-,, m nearly colourless cheesy 
flocculi ; the colouring matter of the blood is not coagulated 
till the temperature rises to 158°. 

" The proportion of the albumen of flesh separated as a 
coagulum by heat is very various, according to the age of 
the animal. The flesh of old animals often yields no more 
tlian 1 or 2 per cent. ; that of young animals as much as 
14 per cent. 

" The infiisinn or extract of flesh, after being freed by 
boiling from, the albumen and colouring matter of the blood, 
has the aromatic taste, and all the properties of soup made 
by boiling the flesh. The residue of flesh, after exhaustion, 
with cold water, is of the same ciuaJity in different animals ; 
BO that it is impossible in this state to distinguish beef from 
poultry, venison, pork, &c. On the other hand, the soup 
made of the flesh of different animals possesses, along with 
the common flavour in which all soups resemble one another, 
in eadi ease a peculiar taste, which distinctly recalls the 
smell or taste of the roasted flesh of the animal; so that if 
we add to the boiled and exhausted flesh of roc-deer the con- 
centrated juice of beef or poultry, the meat thus prepared 
cannot be distinguished by the flavour from roast-beef or 
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" The fibre of meat ia, as we see from those facts, in its 
natural stAte steeped in and surrounded by a liquid con- 
taining albumen ; and the tender quality of boi!ed or roasted 
meat depends on the amount of albumen deposited in its 
substance, and there coagulating, whereby the contraction, 
toughening, and hardening of the fibres are prevented. 
Meat is underdone, or bloody, when it has been heated 
throughout only to the temperature of coagulating aJbumen, 
or 133° Fahr. ; it is quite done, or cooked, when it has been 
heated through its whole mass to between 158° and 185°."* 

We may now understand the effects of cooking. Wien 
meat is Eoaaled, the outer layer of its albumen is coagulated, 
and thus presents a barrier to the exit of all the juice. To 
have a good and juicy roast, it is therefore necessary that the 
heat should be strongest at first. Let your cook, therefore, 
be careful not to set the joint down until the fire is vigorous 
and red. The heat may afterwards be much reduced. Be- 
sides this eifect on the albumen, roasting converts the cellu- 
lar tissue into gelatine ready for solution, and melts the fat 
out of the fat-ccUs. 

In Sapid Boiling a somewhat similar result is efTected, 
except that the albumen becomes less soluble. " If the flesh 
be introduced into the boiler," says Licbig, " when the water 
is in a state of brisk ebullition, and if the boiling be kept up 
for a few minutes, and the pot then placed in a warm place, 
BO that the temperature of the water is kept at 158° to 165°, 
we have the united conditions for giving to the flesh the 
qualities which best fit it fi>r being eaten." 

In Slow Soiling a very different result is obtained. All 
the juices are estraoted in the form of Soup, leaving a stringy 
mass of flesh behind. The thinner the piece of meat, the 
greater is its loss of savory juices. To make the best soup 
we must chop the meat into fine pieces, and then, adding an 

* Liuia : Ohanleia LMtri, ]8», pp. ISO, tS6. 
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equal weight of water, let the whole be slowly heated to the 
boiling point ; it must ho kept boiling for a few minutes, 
and then strained and pressed. We have then the strongest 
and most highly-flavored soup that can be made from flesh ; 
after which it may be diluted according to taste. 

Baking exerts some unexplained influence on the meat, 
which renders it both less agreeable and less digestible. 
Those who have travelled in Germany and France must 
have repeatedly roarvelled at the singiJar uniformity in the 
flavour, or want of flavour, of the various " roasts " served 
up at the iable-tTlidle. The general explanation is, that the 
German and French meat is generally inferior in quality to 
that of England and Holland, owing to inferiority of pastur- 
age ; and, doubtless, this is one cause, but it is not the chief 
cause. The meat is inferior, but the cooking is mainly at 
lault. The meat is scarcely ever roa%led because there ia 
no coal, and firewood is expensive. The meat is therefore 
baked- and the consequence of this baking is, that no meat 
is eatable, or eaten, with its own gravy, but is always accom- 
panied by some sauce more or less piquant. Ilie Germans 
generally believe that in England we eat our beef and mut- 
ton almost raw ; they shudder at our gravy, as if it were 
so much blood. 

I have ascertained that it is really the cooking, and not 
the meat, which is in fault; for at the tables of great people, 
or resident English, where roast meat is served, the flavour is 
excellent. Moreover, the game, at a table-d'kdie, is almost 
as tasteless as the poultry, partridges having little of their 
well-known flavour : 

" LoBge dis^coilem noto oeUntU incomn ; "■ 
and hare, that " well-flavoured beast," eulogised by Charles 
Lamb, is rendered undistinguishable from beef, except per- 
haps in tenderness ; while venison may be mistaken for kid, 

■ BoBioi, Sal, IL 8, aukM (Us MmpUItit at l»d MOkar; tn hlg day. 
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In the inferior eating-houses of London the meat is alao 
baked, for the sake of economy, and is notoriously deficient 
in that agreeaUe flavour vhich roast-meat possesses. If it 
were baked as thoroughly as it is in Germany, the meat in 
such eating-houses would be as tasteless. 

Dr. Beaumont has drawn up tables of the comparalJTe 
digestibility of various substances, to which auoceeding wri- 
ters have referred, without always perceiving that Dr. Beau- 
mont's observations, being confined to what takes place in 
the stomach, which is only one part of the digestive process, 
do not throw any light upon what takes place in the intes- 
tines — by far the more important part of the process* — and 
can only have a limited value, because they can only apply 
to those substances which are in any degree influenced by 
the gastric juice. Bearing this in mind, and accepting the 
following figures as indications only, they wOl be found 
usefiil — 



Venison Steak broiled, , 

Pig, sucking, roasted, 

Idjnb, fresh, broiled, 

Beef, with salt only, boiled, , 

Beef, fresh, lean, roasted, . 

Beef'Steak, broiled, 

Pork, recently salted, raw. 

Pork, recently salted, stewed. 

Mutton, fresh, broiled. 

Mutton, fresh, boiled, . 

Pork, recently salted. 

Pork steak, broUed, 

Mutton, fresh, roasted, 

Beef, fresli, lean, dry, roasted. 

Beef, with mustard, &c., boiled, 

• Bee OiB nut dupUr, Diobtioii j 
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Beef, with mustard, Sic, fried, requires 4 

Veal, freah, broiled, . . . " 4 

Beef, old, hard, salted, boiled, . " 4 

Veal, fresh, fried, . . ■ " 4 

Pork, fat and lean, roaated, . " 5 
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s may be expected, the flesh of different parts has differ- 
eut qualitiea : the breast of birds, with its pectoral musciea, 
which move the wings, is tenderer than the legs ; but the 
flesh of the legs, wiien the birds are young, is more juicy and 
savory than that of the wings ; and in the woodcock, old or 
young, the legs are always preferred, while in the partridge 
epicures select the wings. 

The flesh of game is richer in osmazome than that of 
domestic birds ; and whan the bird has been kept till it is 
" high," it has — especially in the back — an aromatic bitter 
flavour very acceptable to epicures, but very nauseous to 
unsophisticated palates. 

The Besh of all waterfowl, especially the goose, is pene- 
trated with fat, which ofl«n becomes rancid and " fishy ; " 
this renders the goose so notorious an offender, that he has 
to be " qualified" by a little brandy, euphuistically styled 
" Latin for goose." Dr. Beaumont found no difference be- 
tween the digestibility (in the stomach) of roaat goose and 
roast turkey, both requiring two hours and a half; but it 
should be observed that the fats are not digested at all in 
the stomach, and it is on the fats that the real digestive 
difference between goose and turkey depends. Turkey, 
roasted, requires two hours and a half for digestion ; fowl, 
roasted, four hours, and ducks the same. 

Besides the meat (muscle), the brains, liver, kidneys, and 
Bweathread of various animals are eaten. On account of 
the fat and oil contained in brain and liver, they arc unsuit- 
able for delicate stomachs, especially when fried. Kidneys 
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are very tough, and difficult of digestion. Sweetbread forms 
a favourite food with convalescents, when plainly dressed ; its 
oompoBitioii in 100 ports is as follows — 

Albumen, 14.00 

Osmazome, 1,65 

Gelatine, 6,00 

Animal fat, 0.30 

Msrgaric acid,* .... 0.05 

Fibrine, 8.00 

Water, . . ... 70.00 

100.00 

An excellent food, too much neglected, ia Tripe, which is 
simply the stomachs of ruminant animals. As it contains 
a large proportion of albumen and fibrine, and requires not 
more than one hour for its digestion in the stomach, we see 
the justification of the practice popular in many families, of 
having Tripe for supper. There is no nightmare ia it. 

2. Horse-fle»k. — A Frenchman was one day blandly 
remonstrating against the supercilious aoom expressed by 
Englishmen for the beef of France, which he, for his part, 
did not find so inferior to that of England. " I have been 
two times in England," he remarked, "but I neverefind the 
bif so superieur to ours. I find it vary conveenient that 
they bring it you on leetle pieces of stick, for one penny ; 
but I do not find the bif superieur." On hearing this, the 
Englishman, red with astonishment, exclaimed, " Good God, 
sir ! you have been eating cat's meat." 

It is very true, he had been eating cat's meat ; but had 
he not at the same time been eating meat as succulent, 
savory, and wholesome as the marbled beef of which the 
Briton is so proud '\ 

■ IluguCo BCLd la one at tbo bttj ulds, &ad is produced from mmgarln. > 
t>enl7 )U flmnd in olive oil, goOH greue, ud bitmsD fiL 
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Let the resonant shouts of laughter subside a little, and 
while you are wiping the tears from your eyes, listen to the 
very serious exposition we shall make of the agreeable and 
nutritive qualities of horso-flesh. We are not going to press 
into the service of our argument the immcnso mass of evi- 
dence collected by M. Isidore Geoffroy St. Hilaire,* respects 
ing the tribes and nations which habitually dine off horses ; 
nor will we lay much stress on the fact, that in the Jardin 
des Plantes the carnivora are habitually fed on horse-flesh, 
which keeps them healthy in spite of many unfavourable con- 
ditions. The sceptic nnight not unreasonably ask whether 
our digestive power be quite as good as that of the lion ; 
and he would remark that the condor is known to devour, 
with relish, food which Mr, Brown would sturdily refiise. 
Unhappily no dietetic rules for men can be deduced from con- 
dors and lions. We must rely on the experience of human 
stomachs. 

Nor is this experience wanting. Without alluding to the 
rumors which attribute to the Paris restaurateurs a liberal 
employment of horse-flesh among their jii^to de hoeuf, M, St, 
Hilaire collects an imposing mass of evidence to show that 
horses have been eaten in abundance without suspicion, and 
without evil consequences, 

Iluzard, the celebrated veterinary surgeon, records, that 
during the Revolution the population of Paris was fed for 
sis months on horse-flesh. It is true, that when the beef was 
known to be that of horses, some complaints were made ; 
but in spite of the strong prejudices, and the terrors such a. 
discovery raised, no single ease of illness was attributable 
to this food. 

Larrey, the great army-surgeon, declares, that on very 
many occasions during the cumpaigna, he administered horse- 

* IMrit tur Ui SuMaHua AHmtntaire», tt paflic\itUrimad aur la Tiandt 
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flesh to tho soldiers ; and what is more, he administered it 
to the sick in the hospitals. Instead of finding it injurious, 
he found that it powerfully contributed to their convalescence 
and drove away a scorbutic epidemic. Other testinaony is 
cited, and M. St. Hiloire feels himself abundantly authorised 
to declare that horse-Hesh is as wholesome and nutritious as 
ox-flesh. 

Is horse-flesh as palatable as it b wholesome ? Little 
will it avail to recount how there are tribes of hippopha- 
gista, or how soldiers during a campaign, and citizens durii^ 
a siege, have freely eaten of the^foi de chcval: under such 
extremities an old shoe has not been despised — nevertheless, 
that ia not generally considered a toothsome morsel. 

Feeling the necessity of having this point definitively 
settled, the advocates of horse-flesh hare given banquets, 
both in Germany and France, at which the comparative 
merits of horses, cows, and oxen were to be appreciated. In 
1835 the Prefect of Police chose a commission of eminent 
men to inquire into the quality of the flesh taken from horses 
which had died, or had been recently killed, in Paris and its 
environs. Those commissioners all shored the general pre- 
judice ; yet in their report they avowed that " we cannot 
but admit this meat to be very good and very savoury ; 
several members of the commission have eaten it, and could 
not detect any sensible difference between it and beef." In 
1841, horse-flesh was openly adopted at Ochsenhausen (what 
irony in this name!) and Wilrtemberg, at both of which 
places it continues to bo publicly sold, under the surveillance 
of the police; and five or six horses are weekly brought to 
market. In 1842, a banquet, at which a hundred and fifliy 
persons assisted, inaugurated its public use at Kbnigsbaden, 
near Stuttgard. In 1846 the police of Baden authorised its 
public sale ; and Schaffhausen followed the example. In 
1S47, Weimar and Detmold witnessed public banquets of 
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the hippophagists, which went off with iclat; in Karlsbad 
and its environs the new beef came into general uae ; and at 
Zittau two hundred horses are eaten annnally. The innova 
tion gained ground rapidly, and the public sale of horse-flesh 
is now general in Austria, Bohemia, Saxony, Hanover, Swit- 
zerland, and Belgium. In 1853, Berlin coimtcd no less than 
five slaughter-houses, where three hundred and fifty horees 
were sold. In Vienna, during the same year, there was a, 
riot to prevent one of these iDanquets ; yet, ia 1854, such 
progress had been made in public opinion that thirty-two 
thousand pounds' weight were sold in a fortnight, and now 
at least ten thousand of the inhabitants are hippophagists. 
A large quantity is also sold at the Lake of Constance, as I 
learned in 1858 ; and I suspect that I ate thereof on board 
the steamer. 

ITiese facts are very striking. When we consider, on 
the one hand, how strong is prejudice, and, on the other, 
bow unreasoning the stomach, we must admit that horse- 
flesh could only gain acceptance in virtue of its positive ex- 
cellence. Nor will it suflice to meet these facts with a sar- 
casm on Gierman beef, in comparison with which horse-flesh 
may te supposed to hold no dishonourable rank : we have 
the testimony of men accustomed to the Cafe de Parit and 
Philippe^s, invited expressly to pronounce judgment, and 
proved, on trial, incapable of distinguishing horse-beef from 
ox-beef. 

M. Eenaidt^ the director of the great veterinary school 
at Alfort, had a horse brought to the establishment with an 
incurable paralysis. It was killed ; and three days after- 
wards, on the 1st December, 1855, eleven guests were in- 
vited to dine off it : tliey were physicians, journalists, veteri- 
nary surgeons, and employes of the Government. Side by 
side were dishes prepared Tiy the same cook, in precisely 
similar manner, consbting of similar parts of the meat from 
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this horae^ and from an ox of good quality. The horse-snop 
was flanked by an ox-soup — the bouUii of horse by a bouUli 
of beef — the fillet of roaat-laeef by a fillet of roast-horae. 
He guests unanimously pronounced in favour of the horse- 
soup ; the bouilli, on the contrary, they thought inferior to 
that of the ox, though auperior to ordinary beef, decidedly 
80 to cow-beef. The roast fillet, again, seemed to them very 
decidedly in favour of the horse. 

Similar experiments have been subsequently repeated in 
Paris and the provinces, under varying conditions : the 
guests have sometimes been informed what they M'ere going 
to eat ; sometimes they have be-en totally unsuspecting ; 
and sometimes they have been simply told that they were 
going to eat something quite novel. Yet in every ease the 
result has been the same. 

It is on this evidence that M. St. HUaire calls upon the 
French people to turn their serious attention to the immense 
mass of escellent animal food which lies within their reach 
and which they annually suffer to waste, merely because of 
an absurd prejudice. Difficult as it may be to overcome a 
prejudice, no array of ignorance can prevent the establish- 
ment of a truth which is at once easily demonstrable and 
immediately beneficial. Prejudice may reject horse-fleah, as 
it long rejected tea and potatoes, the latter of which, Mon- 
taigne tell us, excited rtilonnement tl le d&gout, but has 
nevertheless become European food. 

If horses are eaten, why not doukeys ? The Greeks ate 
donkeys, and we must suppose they had their reasons for 

Has any modern stomach been courageous enough to 
try? 

Yes, the experiment has at least been made once. Dr. 

John Beddoc of Clifton sends me tlia following statement : 

" Several years ago, I entertained six or eight medical 

students with a dinner, at which the piice de resistance was 
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nothing else than the hind-leg of a donkey which had been 
sacrificed to a phyaological experinacnt. One or two of my 
guests were in the secret : to the others I represented the 
meat to be a part of a fawn. They all partiwk of it, and 
' even asked for more.' In flavour and appearance it most 
resemhled mutton ; but though young it was far from ten- 
der, and I did not care to repeat the experiment, to which I 
had been instigated partly by a passage in an Arabian tale, 
in which one of two gastronomic disputants, in reply to a 
commendation of a shoulder of lamb, is made to say, 'You 
know nothing : what say you to tha neck of a young ass 
carefiilly roastod ? ' " Although Dr. Beddoe does not report 
very fayouraijly of the tenderness, his guests found the meat 
sufficiently appetising, since they " asked for more." Be- 
sides, the animal may have been too -fresh ; another day or 
two might have given it the requbite tenderness. The point 
is worth investigating ; for if the horse and donkey can be 
introduced among our meats, thousands who now rarely 
touch animal food may be supplied. So many horses are 
killed by accident, or killed because they are lame or vicious, 
that the supply would be enormous, without any necessity 
for killing horses expressly, 

A new and noble kind of meat has recently been sug- 
gested by Prof. Owen, whose account of the flavour and 
capabilities of the Eland will doubtless induce noblemen to 
introduce that animal into thetr parks. 

3, Ji^gh is largely eaten by aU classes, and is certainly 
natritious. Great differences are noticeable in the diflerent 
kinds. Many kinds have targe quantities of oil — as the eel, 
salmon, herring, pilchard, and sprat ; and these are there- 
fore the least digestible. The oil is most abundant in the 
" thin " parts of salmon, which are consequently preferred 
by epicures. After spawning, the quality is very inferior. 
In the cod, whiting, haddock, pliuoe, flounder, and turbot. 
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there is no oil except in their livers, bo that these arc. easily 
digested, especially if they are not eaten with quantities of 
lobster or ehrimp sauce, agreeable adjuncts very apt to 
exact large compeuBatiou from tbe delicate in tlie shape of 
acidity and flatulence. 

Frying, of course, rendera fish less digestible than boil- 
ing or broiling ; and those whose digestions are delicate 
should avoid the akin of fried fish. They should also avoid 
dried, smoked, salted, and pickled fish ; crabs, lobsters, 
prawns, and shrimps. The oyster is most digestible when 
raw, least so when stewed. Dr. Beaumont found the raw 
oyster took 2 hours 55 minutes to digest, the roasted oyster 
3.15, and the stewed 3.30. What is called " scalloping " 
gives oysters a delicious Havonr, but the heat coagulates the 
albumen and hardens the fibrine ; besides, the effect of heat 
on the butter in which they are cooked renders it very unfit 
for the delicate stomach. 

Respecting the nutritive quality of fish, opinions are 
divided. Let us hear old Leeuwenhoek. " It is the opinion 
of many medical persons," he says, " that various disorders 
u the human frame are caused by acid iu the stomach, wbiclt 
coagulates the juices (!) ; and some condemn the use of acids, 
and also offish, as articles of food. But to these opinions I 
cannot snbscriiie ; for at a town in my neighbourhood, where 
tlie people get their living by fishing, and feed priuoipally 
1 fish, especially when they are on the sea, the men are 
very robust and healthy even to a great age ; and with re- 
spect to myself, 1 have experienced that when my habit of 
body has been indisposed, I have been greatly refreshed by 
eating fish with sauce composed of a mixture of butter and 
vinegar, and I never found acid sauces disagree with me. 

.s also my opinion that a fish diet is more wholesome than 
flesh, particularly to those persons who do not use much es- 
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ercise, because fish is more easily comminuted and digested 
in the stomach and bowels than flesh."* 

But while fishermen are robust on a fish diet, it is noto- 
rious that those accustomed to meat find a certain debility 
follow the adoption o^an exclusively fish diet — -during Lent, 
for instance; and jockeys, when "wasting" themselves at 
Newmarket, take fish in lieu of meat. Lehmann cites the 
analyses of Schlosaberger, which shows " that the amount ot 
nitrogen in muscular fibre is throughout the animal kingdom 
essentially similar. The flesh of fish contains the same 
amount as that of the higher animals ; oysters, on the con- 
trary, instead of containing more, as common esperienee 
would lead us to conjecture, actually contain less."! There 
is, however, os we have seen, a, remarkable difference between 
being rich in nitrogen, and being good food. One reason 
why fish is less nutritious than flesh, in spite of the similar- 
ity in their composition, is said to be the absence of the 
osmazome which gives flavour to flesh. 

One of the popular notions entertained even by some 
medical men is, that eating fish increases fertility, and that 
the fish-eating tribes are unusually prolific. We need not 
pause to refiite the physiological arguments on which this 
opinion is founded, as the fact asserted, of fish-eating tribes 
being very prolific, is itself a fiction. Dr. Pereira remarks : 

" There is, I think, sufficient evidence to prove that the 
ichthyophagous people arc not more prolific than others. In 
Greenland and among the Esquimaux, says Foster, where 
the natives live chiefly upon fish, seals, and oily animal 
substances, the women seldom bear children oflener than 
three or four times : five or six births are reckoned a very 
extraordinary instance. The Pesaerais ■whom we saw had 
not above two or three children belonging to each family 
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though their common food consisted of mussels, fish, and 
seal-flesh. The New Zealanders absolutely feed on fish, and 
yet no more than three or four children were found in the 
most prolific families,"* 

4, £ffffs are very nutritious, especially when poached or 
lightly boiled; when boiled hard, or fried in butter, they 
are ditficult of digestion ; and the same may be said of 
omelets, pancakes, and fritters. 

But here, as indeed in all other cases, only general em- 
pirical rules can be laid down — rules which individual ex- 
perience must rectify or confirm. There are persona who 
cannot eat the white of egg ; there are persona who cannot 
eat the yolk ; and there are others who cannot eat egg in any 
shape whatever. To some persona of delicate digestion, 
e^is are found very suitable ; while to others, whose diges- 
tion is generally good, they are hurtfiil. " In short," says 
Leeuwenhoek, " we can much better judge for ourselvea as 
to what agrees or disagrees with us, than pretend to advise 
other people what is good diet, or the contrary."! Expe- 
rience enlightened by vigilant good sense, can alone deter- 
mine such questions for each person. It is idle to assure a 
man who finds eggs disagree with him, that " they are really 
very wholesome ; " and not less idle to warn him against 
e^s, or any thing else, which his experience pronounces 
beneficial. The blissful being who knows not, except by ru- 
mour, what is the diflerence between digestible and indiges- 
tible, may smile at Seienoe and its exhortations ; the misera- 
ble being whose stomach painfiiUy obtrudes itself upon his 
consciousness by importunities not to bo evaded, and by 
clamours not to be outargued, may gather some guiding 
light from general rules, and thus by vigilance arrive at 
positive results for himself 

5. Pastry. — There arc two kinds of pie-crust, called 
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"puff" and " short " paste ; of these, the latter is the most 
digestible, because the butter is thoroughly mingled with 
the dough, and is by this lueana in tliat state of minute sub- 
division which, when treating of Fata and Oils, we saw to 
be necessary for its proper digestion ; moreover, the starch 
is also thus mure equally distributed. 

In puff pastry this is not the case : the dough forms it- 
self into thin, and solid layers. " All pastry," according to 
Dr. Paris, " is an abomination. I verily believe that one- 
half of the cases of indigestion which occur after dinner par- 
ties may be traced to this cause," 

A hard sentence, this, on juveniles and pastry-lovers ; 
but in mitigation, one may suggest that the offences of 
pastry lie less in its own sinful composition, than in the iact 
of its succeeding a ehaos of racats, niade.dlBheG, and mingled 
vintages. The gentlemaji who was found reeling forlorn and 
helpless against the railings, oa his way home after dinner 
with a friend, hiccuped energetic denunciations against that 
" knuckle of ham " which had taken the steadbiess from his 
legs and the singleness from visual objects ; in like manner 
the tart, which is innocent when following a simple joint, 
may become as guilty as the knuckle of ham, at the rear of 
an elaborate dinner. We are all apt to over-eat ourselTes, 
and then we throw the blame of our imprudence on some 
article of food not in itself moreobjectionable than the others. 

6. Vegetables. — ^The immense variety of vegetable food 
cannot, of course, even be indicated in so rapid a survey sa 
this. A volume might be written on the bread-plants alone. 
The tropical ; rice, plantain, yam, sweet-potato, chayote, 
arrow-root, cassava, bread-fruit, sago, cocoa-nut, taro, and 
date ; and the extra-tropical : wheat, rye, barley, oats, buck- 
wheat, and potatoes; with maize, which is common to both 
regions — these alone support millions of human beings, and 
are justly named " the staff of life." 
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The tropical plants yield more than the others ; wheat 

I yields on an average only five or six fold in northern Europe, 

I and eight or ten fold in southern Europe ; but rice yields 

V hundred-fold. The plantain yields 133 times as much 

[ feod as wheat on the same area. With a small garden 

t round his hut the peasant can support his family. And how 

I «asy is subsistence in the Asiatic Archipelago, where sago 

I grows wild in the woods, and a man goes into the forest to cut 

I his bread, as we to cut our firewood. He fells the tree, 

divides it into several pieces, scrapes the pitJi out, mixes it 

f vith water, strains it, and there is sago-meal ready for use,* 

The bread-countries have been thus geographically indi- 

' Bated by Schouw ; — " The bread-line extends furthest north 

in Scandinavia, for in Fiuinark we meet — only within the 

fiords, it is true — with barley and potatoes up to 70° N. 

latitude ; from here it sinks both to the east and west. It 

ia well known that neither Iceland nor Greenland posaeaa 

bread-plants, although the south coast of the former lies in 

eSi", and that of the latter in 60" N. latitude ; and that in 

the Feroe Islands, although lying between 61 i° and 62^°, 

[ there exists but an inconsiderable cultivation of barley. 

I On the east side of North America the bread-line sinks still 

fiirther to the south, for Labrador and Newfoundland have 

no bread-plants, and the limit can scarcely be put here higher 

than 60°, consequently much further south than in Denmark, 

where the plains abound in corn. It extends a little further 

north on the western coast of North America, which, as is 

\ well known, possesses a warmer chmate than on the cast 

The few data which we find here, render the determi- 

' Dation of the north limit rather uncertain ; it can scarcely 

be placed higher thon 57° or 58°. Turning from Seandi- 

I Juvia towards the east, we find a depression of the hread- 

1 ^e eyen in European Russia, here coming by 07° northward 

■ ScBOCV : Tht XariK, FlanU, and Xaa (Truu.), p. 131. 



I 
I 



k 



140 FOOD AND DBIMX. 

of Archangel. Thocurra is considerable in Asiatic Russia; I 
at Ob the BOrth limit of bread comes to 60", at Jeneai ta 
58°, at Lena 57)°, and in Kamtsdiatko., which has only^ ■ 
slight cultivation of com in the most southern part, it sink* 
to 51° — thus to about the same latitude aa on the east coast 1 
of North America, The bread-line has thus two polar and I 
two equatorial cursres, the former corresponding to the 1 
western, the latter to the eastern sides of the continent." ' 

VepeCariani^m. — On surveying the list of nations and 1 
triljcs whose food is principally, or entirely, vegetable, wa ' 
are naturally led to ask what confidence is due to that party 
in America and England which proclaims Vegetarianism to 
be the proper creed for civilised men, and vegetable food 
the healthiest and suitablest in every way. Mxay yeara 
ago, I was myself a convert to this doctrine, seduced by the*! 
example and enthusiasm of Shelley ; and, for the six montJu 4 
in which I rigidly adhered to its precepts, could find no sensi- 
ble difference, except that I was able to study immediately after 
dinner. It soon became clear, however, that the arguments 
on which the doctrine rests for support would not withstand 
physiological scrutiny. 

It is unnecessary to do more than allude to such fantastic 1 
arguments aa that of Rousseau, who maintained vegetables I 
to be our proper food, because we have two breasts, like th»' ■ 
vegetable feeders ; an argument as worthless as the counter^- ] 
argument of Helvetius, that flesh is our only proper food) | 
because we have the blind intestine short, like the flesl 
era. Tlie vegetarian theory is at variance with the plain 
indications afforded by our structure, and by the indications, 
no less plain, afforded by our practice. The structure of 

teeth and intestinal canal points to a mixed diet of flesh 
and vegetable ; and although the practice of millions may 
be to avoid flesh altogether, it is equally the practice of 

* Btmoiiw: 7^ SOHA, I^anit, and Man (Tniu.), p. 181. 
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B^piillioiiB to eat it. In hot climatea there seems little or no 
necessity for animal food ; in cold climatea it is imperatively 
B4emanded. In moderate climates, food is partly animal and 
rtly yegetsble. Against instinct, so manifested, it is in 
a to argue ; any theory of food which should nin counter 
o it stands self-condemned. 

Besides this massive evidence, we hare abundant examples 
D individual cases to show how necessary animal food is for 
B who have to employ much muscular exertion. The 
FFreneh contractors and manufacturers who were obliged to 
engage English navvies and workmen, because French 
workmen had not the requisite strength, at last resolved to 
try the clfect of a more liberal meat diet ; and by giving 
the Frenchman as ample a ration of meat as that eaten by 
the Englishman, the difference was soon reduced to a mere 
nothing. It is worth noting that the popular idea of one 
Englishman being equal to three Frenchmen, was found by 
contractors to be tolerably accurate, one Englishman really 
doing the work of two and a half men ; and M. Payen 
remarks that the consumption of mutton in England is 
three times as much aa that in France, in proportion to the 
inhabitants.* 

It is a fact of very great importance that the chemical 
oonstitution of the Blood is notably altered by an esclusively 
r^etable diet. Verdeil discovered that the blood of ani- 
mals fed esclusively on flesh contained a quantity of phos- 
phates, while the carbonates had disappeared ; on the con- 
trary, the same animals fed on vegetables had blood rich in 
carbonates, with but little of the phosphates. A dog was 
fed for a fortnight on flesh, and the ashes of its blood yielded 
as much as 12 per cent, of phosphoric acid, combined with 
allralies. The same dog fed on bread and potatoes showed 
B only 9 per cent. ; and if it could have been fed on green 



* Pitts : Dei Sttiitanait Alimmiatrtt, p. 8. 
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vegetables, there would not have been more than 2 o 
cent. — as in tLe blood of sheep and oxen,* 

There are many conclusions to be drawn from this fiict. J 
One only need be hinl«d at here. Those who have any pre- 
diaposition to the terrible disease called " the stone " should 
abstain as much as possible from animal diet, bread, and , 
peas, since it is thence that the phosphoric acid in excess ia 
derived, which will form the phosphate usually characteristio 
of the " stone." By a vegetable diet the blood is rendered 
alkaline ; this will enable the uric acid to remain soluble ; 
and thus, even if a stone be already formed, its progress . 
will be arrested. 

Tea, Coffte, Choeolate, Wineg, and Been, have been so j 
amply and lucidly treated of by Johnston in his ChemUtry 
of Common. Life, that we need say nothing of them in thia 1 
place, escept to remark that they are all undeniably nourish- j 
ing, although seemingly incapable of entering into the com- 
position of any tissue, ao that their physiological value ia 
still a mystery. 

There are few facts better established than that Tea and I 
Coffee, no less than Wine and Beer, and Narcotics, inerea» j 
the activity and power of the organism, while they diminish I 
its waste. In Dr. Booker's experiments on himself, it ] 
appeared that when for seven days, consecutively, he drank. ] 
only water with insufficient food, he daily lost 13 ouncea ] 
avoirdupois, more than when, with the same amount ofp f 
food, he drank tea. Moreover, when he took a svffieient I 
quantity of food he gained weight, if tea were added. H& I 
found tea very materially diminish the amount of urea and J 
other excretions ; and it is also limited the amount lost in | 
perspiration. 

In Dr. Julius Lehmana^s experiments on himself, with 1 
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I coffee, similar results wore reached. They are thus stated 
ty Dr. Chambers : * 

. That coffee produces on the organisiii two chief effecfa 
■wiiich it is yery difficult to connect together — viz. the 
raising the activity of the circulating and nervous systems, 
and remaricably retarding the decomposition of the tissues. 

2. That it is the reciprocal modifications of the empyreu- 
matic oil and caffeine contained in the bean which call forth 
the stimulant effects of coffee. 

3. That the lessening of the changes of decomposition 
■wtich this beverage produces in the body is chiefly caused 
l)y the empyreumatic oil. 

" What an important effect this is ! " e.TcIaims Dr, Cham- 
l)er3, " The tea and coffee drinker may have lees to eat and 
yet lose less weight — wear his body out less — than the 
watfir-drinker. At a comparatively small expense he may 

I save some of the costly parts of his diet, those nitrogenised 
lAOlids that ent^ so much thought, labour, and anxiety to 
:«btain," The same ia true of Alcohol, and all the Narcotics, 
^ is irresistibly proved by Von Bibra in his comprehensive 
l«ork.t 
* Let me call attention to a paradox which physiologists 
"have seemingly overlooked, namely, that the physiological 
canon of " all activity being dependent on waste of tissue," 
seems here contradicted by a class of substances which 
notoriously increase the activity, and demonstrably decrease 
the vaate. It is held that every evolution of force is pro- 
duced by some chemical change ; and every change tends 
towards final decomposition. In a vast variety of cases this 
I demonstrable. In the cases now under consideration 
fothing of the kind ia apparent — the tissues are more 

jiBasB : l>igetUm and ill Derani/emenlt, p. 3^. 
rBTOS : Chemistry t^f Ofmr^ort Lift .' 
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active, and the waste is less. And what makes the paradox 
more striking is the fact that aone of these substances enter, 
as such, into the composition of the tissues. They must be 
supposed, therefore, to act upon them ; but how can they 
act upon them, evolving force, without producing decompo- 
sition "t 

I institi".ted some experiments with a vie*v of determin- 
ing, if possible, what the precise action was, and whether it 
■was similar in each case. The feet that we ordinarily 
employ alcohol to preserve animal preparations — to protect 
them irom that decomposition which would otherwise ensue 
if the substances were left to themselves — suggested the idea 
that when we drink alcohol, in wine, beer, or spirita, the 
action on our tissues may be of the same nature, only less 
energetic. If a lemporary suspension of the inevitable pro- 
cess of decomposition were effected by alcoholic drinks — if 
the alcohol acted on the living as on the dead tissue, and 
arrested its molecular changes — we should then clearly 
understand how it is that alcoholic drinks diminish waste, 
H how they are the " savings-bank of the tisBucs," and how 

B they lessen the quantity of food which is needful. But the 
^M mystery would still remain how such an arrest of change 
^1 could be coincident with an increase of power. 
H The point I endeavoured to establish was this : Are the 

^M tissues preserved by decoctions of Tea, Tobacco, and Coffee, 
^K in the same way as by Alcohol 1 The experimenbs gave a 
^M decided negative ; and I am now disposed to doubt whether 
^M the action of Alcohol on the living tissues, when taken in 
H the highly-diluted form of wine or spirits, has any notable 

^m resemblance to that which concentrated Alcohol has on dead 
H tissue. Consequently, the mode of action of tea, coffee, and 

^M narcotics has yet to be explained ; and when expluned, there 
^M will still remain the paradox of increased activity with 
^M diminished waste. 




I 



VARIETY OP FOOD NEOESSABT. 145 

We have thus surveyed the great varieties of Food, and 
have seen how far Science ia from any accurate data rospcct^- 
ing the nutritive value of separate Bubatances. It ia doubtful 
whether this last requisite will ever be attained, owing to the 
complexity of the problem, and the shifting nature of the 
data. 

The nutritive value of any substance is necessarily de- 
pendent on the relation of that substance to the organism : 
but that relation cannot be constant, because the organism 
itself is frequently ehanging. Moreover, a substance which 
Tinder ordinary circumstances will be very nutritious, suddenly 
foils to nourish, because some other substance is present, or 
Bome other substance is absent. Whenever the animal is a 
various feeder, variety in food becomes indispensable, Ma- 
jendie found that rabbits could not subsist longer than a 
fortnight if fed on a single article of their ordinary food, 
Bueh as carrots, or cabbages, or barley ; and Ernest Burdach 
made the following experiment : Takijig three rabbits not 
qmta full^rown, but all three from the same litter, and as 
nearly alike as possible m size, strength, colour, form, and 
BOX ; to the one he gave nothing but water and potatoes, 
vhich were fiimished in abundance ; " it ate seven ounces 
on the first day, sis on the second, and gradually less and 
leas ; its weight, which on the seventh day was 161 gros, 
iraa reduced by the thirteenth day to 93 groa, when it died 
sompletely exliauated. The second was fed in the same way 
with barley ; it ate 20 gros the first day, 14 the third, and 
ao on less and less ; in the fourth week it expired. The 
third rabbit was fed on alternate days with potatoes and 
I jwrley, and its weight increased till the nineteenth day ; and 
its weight then remained stationary, in the third week 
both potatoes and barley were ^ven together, upon which 
Sie weight continued to increase, and the animal rctiuned its 
bri^Dol vivacity." 
7 
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VI, The Quantity op Tood. — It has long been a question 
■what quantity of Fooj^, is requisite for the proper austain- 
ment and repair of tlie organism. Like moat other ques- 
tions of tJie kind, it can be answered only in a rough manner, 
preciaiou being impossible. The differences of individual 
organisms, and the different conditions of the^e organisma, 
must always intorfero with any attempt at accurate esti- 
mates. Tho same man must necessarily require more food 
when in activity than when in repose ; in cold climates mora 
than in hot climates ; and although we may strilte an average 
which shall be accurate enough as a matter of figures, of 
what use can an itverage be in Physiology 1 The titan to be 
fed is not an average. A hundred men will consume an 
amount of food which may be accurately divided into a 
hundred parts ; but these figures give us no real clue to the 
quantity needed by each individual ; and rations founded on 
Buch estimates must necessarily be imperfect, one man 
receiving more, another less, than is required. 

Individual experience can only be valid for the individual. 
Yalentin, from experiments on himself, found that his daily 
consumption was rather more than six pounds of: solid and 
liquid food ; but Cornaro for fifly-eight years took no more 
than 12 ounces of solid food, and 14 ounces of light wine. 
Here are two individual esperienccs widely discrepant, ,It 
is clear to the physiologists that the very small amount of 
solid food taken by Cornaro was partly compensated by the 
nutritive value of the wine ; and partly by the fact that hi^ 
moderate activity caused a less demand than is usual among 
It even when due allowance is made for such ele- 
ments, we are brought no nearer to a correct estimate, 
because we have not yet determined, and perhaps never 
shall determine, the nutritive value of the different articles 
of food ; so that those elaborate arrays of weightu, which 
many ehemists and physiologists are fond of producing as 
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erideace, are vitiated ty the initial fallacy of supposing that 
vital phenomena can be satiafoetorily reducible to arith- 
metical calculation. 

We are tempted to pause here for a moment to notice 
one of the most singular of these misleading applications of 
arithmetic to Life. Both phrenologists and their antagonists 
constantly invoke the weight of the brains of different men 
and animals, as if they believed in an exact correspondence 
between so many ounces of nervous matter, and so much 
cerebral activity. Nevertheless they, at the same time, 
maintain that size is not the measure of power, unless " all 
other things are equal." Now the truth ia that " all other 
things " never are equal, in two different brains.* Nervous 
tissue ia not like so much salt or chalk, definite in composi' 
tion, presenting everywhere precisely the same quantities 
of wat«r, phosphorus, sulphur, &c. ; nor is it everywhere 
precisely similar in development ; the proportions and direc- 
tions of its fibres differing in different brains, and at differ- 
ent ages of the same brain. Yet it is on these two qualities, 
of compoiition and devehpment, that the functions of the 
brain will greatly depend for their relative intensity ; and 
these are not ascertainable by measurement, or by weight. 
'To weigh the brains of two men, with a view of determin- 
ing what the comparative intellectual power of the two men 
really was, is as chimerical as to weigh two men in the scales, 
■with a viewof aseertainingwhat amount of muscular energy, 
dexterity, and endurance each possesses. Indeed, the error 
never could have gained acceptance for a moment, if a true 
conception of biological philosophy had been prevalent, be- 
cause such a conception would have repudiated the attempt 
to explain vital or psychological phenomena by the method 
effective only in Physics, 

Quitting these estimates, and interrogating experience, 

* Bee Btogri^hieal BUtory qf PhUo»ophy, 1S37, p. 6ST. 
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wc find the most singular and inexplicable differences in the 
quantities of food which individuals require, and in the 
quantities which they will consume if permitted. 

As a general rule, more ia eaten in cold climates than in 
hot climates ; but it is by no means clear to me that the 
reason of this is the one advanced by Liebig when he says, 
" Our clothing is merely an equivalent for a certain amount 
of ibod ; the more warmly we are clad, the lesa urgent bo- 
comes the appetite for food, because the loss of heat by cool- 
ing, and consequently the amount of heat to be supplied by 
food, ia diminished." The relation between cold and food 
is more complex than that ; and when Liebig refers to the 
gluttony of the Samoyedes, he overlooks the gluttony of the 
Hottentots, which is quite as remarkable. " If," he says, 
" we were glad to go naked like certain savage tribes, or if 
in hunting and fishing we were exposed to the same degree 
of cold as the Samoyedes, we should be able with ease to 
consume half of a calf, and perhaps a doien of tallow candles 
into the bargain, daily, as warmly clad travellers have re- 
lated with astonishment of these people. We should then 
also be able to take the same quantity of brandy or train- 
oil without bad effects, because the carbon and hydrogen of 
these substances would only suffice to keep up the equili- 
brium between the external temperature and that of our 
bodies." 

TTiis sounds very plausible as long as we confine our at- 
tention fo Samoyedes, but it is rendered questionable by the 
statement, recorded by Barrow in his Travels in Southern 
Africa, that the Hottentots are the greatest gluttons on the 
face of the eartli. Ten Hottentots ate a middling-sized ox in 
three days ; and three Boajesmans had a sheep given them 
about five in the evening, which was entirely consumed be- 
fore noon of the following day, " They continued to eat all 
night, without sleep and without intermission, till they 
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finished the whole animal. After this their lank bellies 
were distended to such a degree that they looked less like 
human beings than before," 

The inhabitants of the Alpine regions of Lapland and of 
Norway are not remarkable for their voracity, nor are the 
Icelanders : a sufficient proof that mere temperature is not 
the sole cause ot excessive eating, since such excess is some- 
times observable in hot climates, and not always observable 
in cold climates. 

Although Liebig'a statement cannot be accepted, being 
indeed only one of the conclusions deduce<i from his theory 
of respiratory food, there is ample evidence to show that, 
without referring excessive gluttony to cold, we are justified 
in referring an increase of appetite to cold ; and the increase 
is perfectly intelligible : more exercise must be taken in cold 
weather to develop the necessary amount of animal heat, 
more tissue must be wasted, and consequently more supply 
is needed for repair. " He who is well fed," says Sir John 
Bosfl, " resists cold better than the man who is stinted ; 
whUe starvation from cold follows but too soon a starvation 
in fiwd." The same writer thinks, that not only should 
voyagers to the polar regions take more food than usual, 
but " it would be very desirable indeed if the men could ac- 
quire the taste for Greenland food, since all experience has 
shown that the lai^ use of oil and fat meats is the true 
secret of life in these countries, and that the natives cannot 
Bub»st without it, becoming diseased, and dying, with a 
more meagre diet." 

Hie accounta which travellers give of the quantity of 
fiwd which can be consumed are extraordinary. Sir John 
Boss estimates that an Esquimaux will eat perhaps twenty 
pounds of flesh and oil daily. Compare this with Valentin's 
six pounds, or with Comaro's twelve ounces of solids and 
fourteen ounces of wine ! 
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Captain Parry tried, as a matter of curiosity, how much 
an Esquimaui lad, who was scarcely full grown, would cxnt 
eumeif leftto himself. The following articles were weighed 
before being given. He was twenty hours getting through 
them, and certainly did not consider the quantity extraor- 
dinary : 

Sea-horse flesh hard frozen, 

" boiled, 
Bitad and bread-dust, . 



Lb. 


Oi 


. 4 


4 


4 


4 


. 1 


12 
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To this must be added one and a quarter pint of rich gravy- 
Boop, three wine-glasses of raw spirits, one tumbler of strong 
grog, and one gallon one pint of water. 

Captain Cochrane, in hia Journey throuffh Jtusiia and 
Siberian TartaTy, relates that the Admiral Saritchcff was 
informed that one of the Yakut! ate in four-and- twenty hours 
the hind-quarter of a large ox, twenty pounds of fat, and a 
proportionate quantity of melted butter for his drink. To 
test the truth of this statement, the admiral gave him a thick 
porridge of rice boiled down with three pounds of butter, 
weighing together twenty-eight pounds ; and although the 
glutton had already breakfasted, he sat down to it with great 
eagerness, and consumed the whole without stirring from 
the spot. Captain Cochrane also states that he has seen 
three Yakutis devour a reindeer at a meal ; and a calf weigh- 
ing about two hundred pounds is not too much for a meal 
of five of these gluttons.* 

These facts are curious, but of eom^e they throw no light 
on the question, how much food an individual requires to 
keep himself alive and active. Nor, indeed, has any method 
yet been devised which could elucidate that point. Wo can 

• Fuuu: C>n ZXlf, pp. 10, IT. 
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never feel confident that the quantity taken is not somewhat 
more, or somewhat less, than would really bo advantageous. 
If a nsan is active on six pounds daily, he might be perhaps 
stronger on sis and a half; and if six and a half sliould 
prove the precise amount which Icept his weight unaltered, 
it would only do bo mider precisely similar conditions ; and 
we know that on different days he will waste different quan- 
tities of tissue. 

Some caterpillars daily eat double their weight in food ; 
a cow eata 46 lb. daily; and a mouse eats eight times as 
much, in proportion to its own weight, as is eaten by a man. 
But when such facts are cited, we must bear in mind the 
enormous differences in the nature of the foods thus weighed, 
their relative amounts of water and indigestible material. 
The same caution is requisite in speaking of man's diet. It 
hse been variously computed. Sanctorius estimated it at 8 
lb,, Rye at 5 lb. and 71b., Home at 4 lb. 3 oz., and Valentin 
in his own person at 6 lb. 

Such estimates were too contradictory to afford any clue. 
He chemists bethought them of securing the requisite pre- 
dion by taking the amount of carbonic acid expelled during 
the twenty-four hours as the standard of the amount of car- 
bon necessary, and the amount of urea expelled in the same 
period, as the standard of nitrogen necessary. Tables were 
thou drawn up setting forth the separate items of food re- 
quisite to supply thifl waste. But, apart from the profound 
distrust with which such chemical reasonings should be re- 
garded, there is this separate source of distrust, that each 
man necessarily wastes different quantities of tissue under 
different conditions : if, therefore, our analysis of food cor- 
rectly represented the amounts of carbon and nitrogen as- 
nmilat«d (which it does not), wo should have still to con- 
struct a spedal table for each individual at each season of 
the year, and under varying conditions. 
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Tho question ia really one of importance, when we have 
to apportion tho rations of paupers, prisoners, soldiers, and 
sailors. Here we are forced to strike an average, although 
we know that on any average one man will neeessarily have 
mure, and another less, than is ahsolutely requisite ; but the 
impossibility of arranging naatters otherwise, unless food be 
so abundant that it may be left, to the diacretion of each to 
eat whatever amount he pleases, forces the adoption of some 
standard which experience rectifies on the whole. Dr. 
Fereira has furnished several dietaries adopted for massea 
of men, and from these the fallowing ia taken. 

The scale of diet in the Eoyal Navy ia thus given in the 
Regulations ; — . 

" There shall be allowed to every peraon the following 
quantities of provisions : — 

Bread, 1 lb. 

I Beer, . . .... 1 gallon. 
Cocoa, 1 oz. 
Sugar, IJ oz. 
Fresh meat, 1 lb. 
Vegetables, . . - . . i lb. 
Tea, ioz. 

" When fresh meat and vegetables are not issued, there 
shall be allowed in lion thereof — 

I Salt beef, f lb. \ alter- i Salt pork, J lb. 
Flour, I lb. j nately j Pease, i pint. 
" And weekly, whether fresh or salt meat be issued — 
Oatmeal, J pint. 
Vinegar, j pint," 
The daily allowance to the common soldier in Great 
Britain is 1 lb. of bread and f lb. of meat, making together 
196 oz, of solid food weekly ; for this he pays a fixed sum, 
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namely, 6d. daily, whatever may be the market price. Ha 
furnishes himself with other provisions. 

As to the quantity each man should eat when unrestricted, 
it is to he determined by himself alone We are notoriously 
apt to eat too much, and consequently waste much food, 
even when we do not injure ourselves. Our sensations are 
the surest guides, yet they do not always tell ub with sufR- 
cient distinctness when we have had enough : one thing is 
very clear, that to force the appetite— to continue eating 
afW the stomach lias once suggested " enough " — is sure to 
lie injurious. Hospitable hosts, no less than anxious parents, 
should refrain from pressing food on a reluetont appetite ; it 
is not kindness, although kindly meant. 

In closing here our survey, we must confess that it has 
exhibited few reliable scientific data. Indeed, to some read- 
ers it may have seemed that our efforts have been mainly 
revolutionary, shaking foundations which promised security, 
and disturbing the equanimity of scientific speculation. It 
is a. fact that Physiology is at present in too incomplete a 
condition to answer the chief questions raised respecting 
Food ; and this fact it was desirable to bring into the clear 
light of evidence ; for on all accounts it is infinitely better 
that wo should understand our ignorance, than that we should 
continue believing in hypotheses which enlighten none of the 
obscurities gathering round the question. It is in vain that 
we impatiently turn our eyes away ; the darkness never 
disappears merely because we cease to look at it. 
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" Lkt good Digestion wait on appetite." Much of our hap- 
piness depends on health, and health cannot continue with- 
out digestion. Richea, and honours, and the applause of 
crowds, are but poor compensations for the loss of that per- 
petual spring of pleasure which arises from the harmonious 
activity of all the functions ; and the most prosperous of 
1 must envy children and animals their prosperity of 
1. The misery of mankind, springing from many 
causes, is intensified by Indigestion, which lessens the forti- 
tude to endure calamities, and increases the tendency to in- 
dulge in painttil forebodings. Sorrow, come whence it may, 
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ia more lightly borne, and is brieferuiitsviaitatioiis, wheu the 
health is vigorous ; and it cannot be vigorous without good 
Digestion. To those whose troubled secretions predispose 
them to gloom and fretfulneas, small evils become magni- 
fied into calamities, and evils anticipated have the force of 
reahties. 

The marvels of Nature are an inexhaustible source of 
reverence to the reverential mind, and among these not the 
least marvellous ia the admirable complexity of the apparatus 
on which Digestion depends. No sooner do we become ac- 
quainted with this complexity than our surprise is, not that 
many ot us, imprudent and reckless as we are, should Buffer 
from derangements of that fimction ; but that any of ua 
should continue to perform it with success seven days to- 
gether. The more we contemplate this mechanism, the 
more wondrous its appears. The more we study the process, 
the more intricate its problems seem. Formerly the process 
was thought to be very simple ; increase of knowledge 
brought increase of doubt ; and now, whoever looks closely 
into the results of modem investigation will be surprised to 
find how little the eriirmoua labours in all directions have 
added to our positive knowledge. The conquests of science 
have consisted in explaining certaiti details of the process, 
and in analysing the whole function of Digestion into sepor 
rate a^'ts. 

And here we may pause to consider in what scientifie 
explartalion peculiarly consists, namely, in the discovery of 
those intermediate facts, not obvious, which link together 
the obvious phenomena. Thus it is a matter of vulgar ob- 
servation that cattle oat grass, and that this grass returns, 
in the shape of manure, to effect the growth of fresh crops. 
The farmer, in knowing this, may be said to know as much 
as the philosopher ; but the farmer only knows the tjtcts 
which stand out, visible to all — the obvious arcs in the great 
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orbit of life ; whereas the philosopher, not content with 
these, seeks to detect the hidden facts — the intermediate linka 
of cause and effect, which constitute the chain. In propor- 
tion to his success in discovering these intermediate links, 
and in their order of suocession, he approaches a seientlfie ex- 
planation of the vulgar observation. This scientific explana- 
tion has two great advantages : it ministers to the intellec- 
tual craving for knowledge, a craving which gives man his 
eminence ; and it ministers to his prticticai aims, increasing 
his power over Nature by enabling him to foresee and to 
modify phenomena, and to adapt them to his uses. If ho 
learns that silica*' is an essential constituent of wheat, and 
that silica must he in the ground before it can enter thp 
wheat, he learns two " intermediate tacts " not at all obvious, 
which enabled him to adapt circumstances to his needs : if 
the earth be deficient in silica, he will add a fresh supply. 

It is the same with Digestion, Every one knows that 
?ood of various kinds is taken into the m.outh, chewed, and 
swallowed ; that it remains some time in the stomach, where 
it undergoes certain changes ; that it then passes into the 
intestines, and separates into two pwtions, one of which 
nourishes the body, while the otlier is ejected as waste, 
e are the vulgar facts. But we eannot rest content with 
'.. The intellect craves knowledge more precise, and 
practical wants require that the " intermediate facts " should 
bo discovered. 

Tea FoNCTioN of Digestion. — The purpose of Digestion 
3 to make Blood, To effect this there are many processes 
which, although closely connected with Digestion, are not 
really implied in it ; such are Chewing the food, and Absorp- 
tion. There are many animals which do not chew ; there 
are many which have no absorbent vessels ; yet all these 
digest. The function of Digestion is the function of the 

• BtUea ft tb> cli1«t Ingredient of flint, uDdatons, and naiay etrth)!' mlaenli. 
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alimentary canal, wliich canul, or tube, extends from the 
mouth downwards through the whole trunk. Digestion 
prepares the Food for its eutrance into the Blood. In thosa 
snimals which chew their food we perceive that chewing aids 
in thia preparation of the Food, and we shall therefore in- 
clude it in our analysis of the process of Digestion, although, 
strictly speaking, it is not more digestive than cooking, or 
carving. 

In Digestion two kinda of processes concur : the meehan- 
ical, such aa trituration and maceration (or rubbing, and re- 
ducing to a pulp) ; and the chemical decompositions and 
transformations. My own inveatigationa have led to the 
curious fact that in the aimple animals, only mechanical 
processes are in operation : it is not till we examine animals 
of a more complex oi^anisation that we meet with chemical 
processes in Digestion ; these being at first ycry feeble, and 
increasing in importance as the organisms become more 
complex,* In man, the chemical processes predominate. 
We shall touch on both as they present themselves. 



1, What takes placb is thr Modth, — Before Food 
can enter the Blood it must be rendered soluble. It is very 
solid, for the most part, when taken into the mouth, and 
must be torn and ground by the teeth, the result of which is 
that the Food is mashed and moistened till it can be swal- 
lowed with ease. We first cook our beef; we then cut it 
into small pieces ; and finally we tear and mash it with our 
.teetfa, in which act the saliva aids. These are mechanical 
preparations. 

But now the question arises, whether the action of the 
Saliva is purely mechanical, aiding only in the maceration 
of the Food, or partly mechanical, and partly chemical, (. e. 

le Bm- Anemones, thiMO inveatlBaUonj ue racordiid in 
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aiding also in its transformation 1 This has Lecn hotly do- 
bated, and has given occasion to an immense amoviDt of la- 
borious investigation. I will answer it at once, as I concdve 
the most trustworthy researches warrant, and afterwards 
examine briefly some of the arguments and experiments 
which have been brought forward. 

The action of the Saliva is mainly mechanical. It is 
also' chemical, but this in so slight a degree that it may be 
dispensed with altogether if the food be otherwise prepared, 
and introduced directly into the stomach. Its chemical 
action is limited to the amylaceous (starchy) substances, 
changing a small portion of them into dextrine and sugar. 

C. H, Schultz, whose experiments at one time created a ' 
great sensation,* assigned the whole process of Digestion to 
the action of the Saliva. He denied the existence of any 
such fluid as the gastric juice ; declaring that what was sup- 
posed to be gastric juice was only saliva and the remains of 
food. It is nnneeessary nowadays to do more than mention 
this opinion, which is refiited by abondnnt experiments, all 
proving that Saliva exerts no chemical action whatever on 
any except starchy substances, 

Claude Bernard, on the other hand— one of the greatest 
experimental physiolt^sts of our day — maintains that the 
aacients were correct in assigning only meekanieal influence 
to the saliva in facilitating mastication, taste, and swallowing ; 
the chemical influence being completely insignificant, if not 
altogether absent.f In his ingenious and interesting exposi- 
tion o£ the phenomena which take place in the mouth, he* 
maintains that the three separate liquids which issue lirom the 
throe separate glands — the parotid, in the cheek, the sublin- 
ffual, under the tongue, and the mbmaxillary, in the lower 

LTz: Dc Alimenlorum OmcocUont, p. 84 ThQ argumeDts an repiv- 

Ions work, IHe VerJUitgang ilat jIftnioAMoSjn io6«M, p. 17. 
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jaw (aee p. 187, Fig. 7, p, g, and g) — liave distiuct 
offices: — 

1. The office of the pArotid secretion is to assist chewing. 

2. The office of the sublingual secretion is to assist 
Bwallowiug. 

3. The office of the Huljinaxillary secretion ia to assist 
taste. 

A mixture of these three accretions with that from the 
mueous membnuie of the moutli, constitutes Saliva ; and 
it is this Saliva which alone exerts the slight chemii/al action 
that ever does tiike place ; or, in other words, it ia only the 
mucous secretion which can act chemically on starchy sub- 
stances, the other three secretions separately, or mingled, 
being altogether without such chemical action. It is on this 
that Bernard founds his assertion that the Saliva haa no part 
to play in the chemical processes of Digestion — an error in 
If^ic, I conceive ; but let us seo the results of experiment. 

The first person who distinctly detected the chemical 
action of Saliva was Leuchs.* He found that in a few hours 
it converted a mass of cooked starch into sugar. This waa 
subsequently confirmed by Schwfflm, in a celebrated paper,t 
wherein he argued that inasmuch as the gastric juice was 
incompetent to effect any change whatever in starch, the 
sugar found in the stomach of animals who have hod none 
given in their food, necessarily came irom the action of 
the Saliva on starch. 

It should be remarked that these observations have not 
the cogency they were generally supposed to have, for 
nothing ia better established than that many animal substances 
have the power of transforming starch into sugar ; indeed, 
the altetabiliti/ of cooked starch is so great, that almost any 
influence sutiicea to change it into dextrine (a substance 
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having tno same elementary composition, hut different j?/qp- 
ertiei), and the dextrine into glyeois (atarch-sugar). 

The researches of Mialhe* gave a new aspect to the 
question. He established the important fact that starch 
paste was changed into sugar in leas than a minute in the 
mouth ; as the sweet taste sufficiently indicated. It is this 
rapidity of action which distinguishes the Saliva from other 
organic substances (except the pancreatic juice), and which 
therefore confirms the position of Leueha and Sohwann. 
The same result is obtained out of the organism. Mix a 
little starch paste with Saliva, and it will very rapidly be 
converted into sugar. Mialhe conceived the idea that this 
action was due to a particular organic agent, similar to that 
known as the diastase of vegetables— an idea too plausible 
not to find ready acceptance ; it is, however, now given up 
by the best authorities, and Bernard has shown that fibrine 
and gluten, in a state of decomposition, but be/ore putrS' 
fection has set in, acquire this very property of converting 
starch into sugar — whereupon he concludes that what is 
called vegetable diastase is really nothing but the spontane- 
ous decomposition of the gluten, f 

That a chemical a-'tion <akes place in the mouth, during 
the ordinary process of eating, is very e-aaily shown. Let 
the reader take a piece of ordinary bread, and he will per- 
ceive that when it is first introduced into the mouth no trace 
of sweetness is discernible for a few seconds ; but as it rolls 
over the tongue, and the saliva mixes with it, a gradually 
increasing sweetness ia discernible ; in from 30 to 45 seconds 
a decided transformation into sugar has taken place. More- 
over, he will find that those portions of the bread which 
have got fixed between his teeth, and have thus been ret^ned 

• Mi*i,H«; Mfmoirt «ur la mgatton. it rAftimllatian da S»J*«kj« 
ami/laciM tt taeriii. ISK, 
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longer under the influence of the Saliva, are noticeably 
sweeter than bread is wont to be. 

The fact that Saliva docs convert starchy substances into 
sugar is thus placed beyond dispute. The researches of Don- 
ders, Jacuhowitcb, Bidder, and Schmidt,* moreover, show 
tiiat if the Saliva be prevented from entering the stomach, 
and starch paste be introduced into the stomach through an 
opening, no sugar is formed. Their conclusion is tliis : 
Although many organic substances convert starch into sugar, 
Done do so with the rapidity of the saliva and the pancreatic 
juice. 

Starch itself is not assimilable. It muat be changed into 
dextrine and sugar before it can pass through animal mem- 
branes, and enter the Blood. Now, inasmuch as the starchy 
substances form an important class of our aliments (see 
Food and Drink), the chemical intervention of Saliva in 
the digestive process is apparent. 

We have thus arrived at a very different conclusion from 
that of Schultz, who attributes to the Saliva the whole of 
the chemical transformations in Digestion ; and from that 
of Bernard, who denies that any chemical transformations 
are effected by it. The truth is, that no albuminous sub- 
Btance is transformed by the Saliva, and that all starchy 
substances are attaclted by it. 

Nevertheless we must not ex^gerate this influence. It 
is only a small portion of the starch which is normally acted 
on by the Saliva, either in the mouth or in the stomach ; 
the greater portion is transformed in the intestines by the 
action of the pancreatic juice ami intestinal juice. In conse- 
quence of this, the action of the salivary glands may alto- 
gether be dispensed with. When they are cut out, or when 

• DoHDESi: nyiioloffii,}. ISi. BlDDEEBadSoHWDr; Die FfrHatinnffeKlfli 
vnd der SKS^CcAtii, p. 36, leq. This laltar wotk is the aiast akboralo ever 
pnbllaliBd DO the dlgullTS Snlili, and will be laiealy laid Dndsr coDtrltiatiga In 
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their secretion ia prevented from flowing into tlie mouth, the 
animal seems to sufier no material inconvenience.* And 
Bidder and Schmidt have made the curioua diaoovery that 
in young animala, during the period of suckling, the salivary 
glands have no secretion whatever,! 

Having vindicated the ekemieat character of this secre- 
tion, we must now remark that ita mechanical chara<*er » 
the most important. The amount of irans/ormation ia 
insignificant ; but the amount of maeeralion which the food 
receives in the mouth, by the combined action of the teeth 
and saliva, is very important, as a preliminary towards the 
indispensable solution, which all food must undergo. 

" It is much easier to supply the place of chewing by 
meohanical preparation in animal food tlian in vegetable. 
We can grind things small, but we cannot make artificial 
saliva. Kitchen science may prepare the former for the 
stomach, but not the latter. Indeed, the cooking of starchy 
foods tot weak stomachs often makea them more indigesti' 
ble, by reducing them from a solid to a fluid form, and thus 
enabling them to be swallowed without that manipulation in 
the mouth which elicits a flow of its secretions. The best 
form in whidi starch can bo taken is one in which the aivel- 
ope of the granule has been ruptured by heat, and the whole 
mass made light so as to be capable, by mastication, of being 
broken up and fermented equally by fluids, but not capable 
of skipping over the salivary admixture, and being swallowed i 
without mastication. Such are good stale bread, mealyi 
well-boiled potatoes, thoroughly cooked oabbi^os ; such are 
not new rolls, waxy potatoes, &&, which mastication merely 
makes into small solid tough lumps ; or gruel and sago, and i 
other slops, which annoy tho dyspeptic, though so oflen 
forced upon him by his female friends." J 

* ButMi: Jfemof-aMfu dtf ipteielUi Fiyiirihglt, p. SB 

t BiDDia HoA ttomnDT, p. 23. 

t Oauuuu's DignUi/n and Ua BtrangamtiiU, p. BSL 
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There are animals that boll their food. There are human 
beings who imitate these animals ; but it is to be hoped that 
they have potent stomachs, since they thus throw upon that 
oi^att an amount of extra labour, which would better have 
been executed by the mouth. The food must be rubbed 
and macerated somewhere. If the mouth does not I>egin this 
process, the stomach m.ust do it all. 

II. Stomachal Digestion. — The food reaches the stoma«h 
in a state approaching that of pulp, and with a alight chemical 
change in its starchy elements. Formerly it was thought 
that the stomach did all. Digestion was thought to be the 
function of the stomach, and of it alone. But recent re- 
aearchea have profoundly modified this conception; they 
have circumscribed the action of the stomach to that of a 
Btill further preparatory process, the completion of which 
must he sought in the intestines. 

Our knowledge of the stomachal process has been ren- 
dered more accurate and extensive, owing to a fortunate 
accident which befell the Canadian known all over Europe as 
Dr. Beaumont's patient. This man, Alexis St. Martin by 
name, had a large hole in his stomach caused by the discharge 
of a gun. lie recovered perfect health, the wound healed, 
but the opening remained, and this opening was used by 
Dr. Beaumont for observation and experim.ent. He has 
recorded the results in a well-known work,* Since then, 
another case has fallen into scientific hands. Dr. Schroeder 
and Dr. Griinewaldt, at different periods, experimented on an 
Esthonian woman, with what results we shall hereaf^r 
learn.| And quite recently Alesis St. Martin has agmn 
become the subject of experiment in the hands of Dr. Francis 

BaiUHOira : Stpsrtnwnfa and OSMnmiion* on tAe Gaflric Juice ; 1859. 
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Smith of Philftilelphia,* The value of these cases caiiuot be 
over-estimated ; and the results have been compared with 
observations on animals, since Blondlot conceived the happy 
idea of establishing an artificial fistula in dogs, through whlcb 
gastric juice might be obtained when wanted, and substanctjs 
introduced into the stomach, or remift'ed from it directly. 

1. The mechanical action of the itomack. — If we examine 
the stomach of a fasting animal we find its lining walls are 
pale and flabby, lying close together, and only separated 
from each other by a layer of mucus and saliva. 

It was this appearance which suggested the idea that the 
sensation of Huboer was due to the rubbing of the coats of 
the stomach ; an idea which wo saw in the first chapter to be 
altogether erroneous. 

The arrival of the food changes this condition. The 
contractions of the asopAa^Ms or gullet {seep, 230, Fig. 7, w), 
force the food into the stomach (E), which distends its walls. 
This distension goes on increasing and increasing as fast aft 
fresh suppiiefl arrive. Gradually the distension becomes 
more and more difficult, and this creates a sense of fulness, 
which warns us to desist from eating. The blood-vessels of 
the stomach have now become swollen ; the secretions are 
pouring in actively ; the whole condition of the stomach is 
changed, and its muscular activity is roused. 

This muscular activity is important, being to stomachal 
digestion what the action of the teeth is in the preparation 
which takes place in the mouth. The lining of the stomach 
is a mucous membrane — a continuation, indeed, of that 
which lines the mouth, but differing from it in the peculiar 
glands which characterise some regions of it. Under tliia 
mucous membrane lies a muscular coat ; this muscular coat 
gives, by the alternate contraction and relaxation of its fibres, 
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a toiatory movement to the food. According to Dr, Beau- 
mont's graphic expression, the food is churned in the stomach, 
carried round and round from right to left around the large 
end, and from left to right along the large bend, returning 
along the small bend.* In this churning movement the food 
is not only well "ground," but is more and more mixed 
with the gastric juice. The process may be compared to the 
rolling about of the food in the mouth by the tongue. 

Btondlot maiataiiia that this trituration and maceration 
constitute the whole of stomachal digestion : the food is 
rendered liquid without being chemically altered. I have 
shown this to be the case in the digestive process of the 
Aetiaug; but in all the higher animals there is ample evi- 
dence of a positive chemical change taking place. And this 
VB shall now consider, 

2. The chemical action of the stomach. — Before Reaumur 
instituted his experiments, it was held that the stomach 
merely ground the food to a pulp, by the action of iritura- 
tian or rubbing. lie teated tliis opinion in a very inge- 
nious way, considering that the backward state of chemistry 
eould fiimiah him with none of the means now at our dia- 
posal. He filled hoUow silver balls with meat, and per- 
forating them in several places, caused a dog to swallow 
them. After they liad remained some time in the stomach, 
be withdrew them by means of a thread. If, he argued, the 
digestive-proocss were merely mechanical, the meat, protected 
by the silver covering, would not bo altered ; if, however, 
the process were chemical, the solvent fluid would have 
penetrated through the holes and acted on the meat ; and so 
indeed it proved — the meat was entirely chyjnijied; that is, 
made into a pulp. 
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After this the gastric juice itself wns obtained, and Reau- 
mur ftud Spallanzaiii comnienced that long series of expcri- 
menta on arlijteial digeatioQ which ie not yet nearly coa- 
cluded, 

rig.t The stomuch is lined by a mu- 

cous membrane. If we esamine this 
membrane under the microscope, we 
find it crowded with minute finger- 
iihaped tubes. These are the gastric 
follicles, or secreting glands, from 
which the gastrio juice is poured 
into the canity of the stomach, di- 
rectly tiie membrane is irritated by 
the presence of food (or indeed of 
any other substance). 

Thirty-one pounds daily are said 
to be secreted from these glands in a 
h alth> adult ! Besides this gastrio 
juRc which flows on the entrance of 
food into the stomach, there is also 
foitieiBsoBGiiNw 1™i^H P^'*'^'!'' ^ secretion of mucus from 
BKosBiB ^MTKio Jiioi— the membrane, BJid the saliva, whlcli 
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.onstantly being swallowed. 
It would lead us too far, ajd into 
questions of too technical an interest, 
to examine the disputes which gathra* 
glandular; i, Bmiii prioria round the questions — What consti- 
tn tiieic endL— Alter Todd tutcs the gastric juice ? and. What 
is its origin % For ua it is enough 
to know thiit the gastric juice is an acid secretion, containing 
in all probability hydrochloric and lactic acids, containing 
also a peculiar organic substance named pepsin* The aeids 

lit tho (treat work of Biddhi snd SaBxiDT, Dit Ver- 

(tawmuwyla; I.eBii»Bii'B unfl Muldeb"i Tteatlaei on Orginlc Chemljlrj ; Do«- 
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and the pepsin act cliomically upon meats — thnt is, upon ail 
albuminous and gelatinous substances — converting them into 
peptones. These peptones have all certain properties in 
common, no matter how various the substances from which 
they are derived ; and it is owing to these properties, not 
possessed by the substances from which they are formed, that 
they are capable of being absorbed and agnimilaled. 

Neither the acid, nor the pepsin, exerts more than a 
slight chemical influence on two great classes of Alimen- 
tary Principles, the Sugars and the Fats, Cane-sugar is 
changed into grape-sugar, owing, Dr. Harley believes, to 
the presence of a free acid : and fatty acids are sometimes 
developed from the fats. We may therefore set aside, for 
the moment, all starch, sugars, fats, and oils, which form so 
large a proportion of our food, and fix our attention exclu- 
sively on the albuminous substances. It is these which 
mainly undergo eheinieal change in the stomach. And wo 
shall find that even these are not greatly changed ; so that 
the popular idea of the stomach being the chief organ of 
Digestion will have to be considerably modified. 

During the churning motion just described, the food is 
gradually mixed up with the finids of the stomach. In 
consequence of this complete aaturatian it is reduced to a 
pulpy mass — the Chyme ; and as it becomes more and more 
churned — more and more of semi-liquid consistence^ — -it 
passes into the small intestines, there to undergo fresh 
changes. If we examine this p'llpy mass of Chyme just as 
it quits the stomach, we shall find that, however altered to 
the eye, its alterations have been for the most part physical, 
and but slightly chemical. That is to say, the jleah has 
become macerated, the mvacle-fibrea have become dissociated 
and broken into fragments, and the cellular lissM is dissolved ; 
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but many of these mvsfh-Jibres retain their primitive struc- 
ture ; the/a( is liquefied, but not often otherwise altered — 
not even emulsified ; and the gelatine has become liquid 
peptone. 
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This is what the microscope reveals, and this is assuredly 
Dot a digested mass. 

Blond lot, indeed, declares that the Chymification we have 
been describing is the solo digestive process ; and Chytnifi. 
cation, according to him, is nothing but rendering the food 
soluble. Bernard takes a dilfereiit view : Chymification he 
regards as only one part of the digestive process, and that 
exclusively confined to the albuminous and gelatinous sub- 
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stances, on vfhich its action is precisely analogous to that 
of boiling. 

If we attend closely to what goes on in the stomach, as 
reported by all the most trustworthy observers, we cannot, 
I think, come to any other conclusion than this r Chymifica- 
tnon is mainly a physical process, but is aiso partly ehemi- 
cal ; it liquefies and minutely divides one portion of the 
food, and it chemically transforms the other. 

Against the purely physical hypotheaia there is one ar- 
giunent which seems to me overwhelming : Liquid albumen 
is very slightly absorbable, and not at all assirailablo ; but 
when acted on in the stomach, it becomes readily absorbable 
and assimilable. It seems, moreover, certain, that albumen 
is absorbed in small quantities from the stomach. The fact 
that the greater partof this substance passes imdigestcd into 
the intestine, is no argument against the action of the stom 
aeh. The mouth begins, but does not complete, the conver- 
sion of starchy substances ; the stomach begins, but does 
not complete, the conversion of albumen. 

Albumen, on entering the stomach, is coagulated, and 
rendered insoluble in water. It must of course be ag^ 
made soluble. This is effected hy the gastric juice, which 
converts it into apepCone, not only soluble, but now incapa- 
ble of coagulation. 

If by heat you coagulate the albumen of the white of 
egg, and then dissolve it again, you can once more coagulate 
it by the application of heat. The elwnge has been simply 
physical : the albumen was liquid, you made it solid ; you 
can make it liquid again, and solid again ; as you can turn 
water into ice, and ice into water. But you cannot do this 
with the peptone-albumen. Thai has undergone a chemical 
change, and has become a new body ; it is soluble in water 
now, or in diluted alcohol (not in concentrated alcohol) ; and 
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is jneapable of coagulation, and of forming insoluble com- 
pounds with salts. 

The gastric juice which doea this, does so in virtue of its 
acid and its pepsin, acting together. Separately, these 
agents have no such power. In artificial digestion, if the 
acid be neutralised by an alkali — say the carbonate of sods 
— the action of the gastric juice is immediately suspended, to 
be resumed immediately on the addition of acid. Bidder 
and Schmidt have shown that the digestive power of the 
gastric juice is, up to a certain limit, in direct ratio to its 
amount of acid. Nevertheless it is not the acid alone which 
is operative. This is easily proved. Submit the gastric 
juice to a temperature of 212° Fahr., and it loses all its di- 
gestive power whatever ; not because the acid has been de- 
etroyed, but because the pepsin has been destroyed. Pep- 
sin is an organic substance which acts as a ferment; now. 
Chemistry teachea ua that at 212° such organic Bubatanoes 
coagulate, and when ooagulated they cease to act as fer- 
ments. 

Freezing the gastric juice has no such influence. Bidder 
and Schmidt found that when frozen it dissolved albumen as 
well as before — which, as they remark, must be a groat com- 
fort to the admirer of ic*M. 

3. Gastric Juice. — Gastric juice is distinguished from 
among all other animal fluids by its stabilili/ : it resists de- 
composition longer than any other animal fluid. Nor doea 
it lose it« digestive virtue even when mouldy. One pecu- 
liarity must be insisted on, namely, its power of arresting 
the putrefaction of other organic substances. It is to this that 

Lwe owe the impunity with which we eat " hiph" game and 
putrefying meat. Another curious fact is, that although tlie 
addition of organic acids increases the digestive power of 
this fluid, there is a limit at which this increase ceases, and 
beyond it, excess of acid suspends the whole digestive power. 
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The pbwer ia also aireated by the presence of too largo a, 
qufintity of organic suhatances, or peptones. 

In this latt«r fact there ia a lesson against over-eating. 
Digestion is impeded hy too large a meal, first, in the ar- 
rest of the action of the gastric juice; and next, in overload- 
ing the atomach with more than it can properly move. 
There is another fact mentioned by Lehmaim,* which is 
fertile in suggestion, namely, that the addition of water, ao 
far from weakening, increases the power of the gastric ju ice- 
In this iiict we see the impropriety of that advice so often 
given by writers on Dietetics, to abstain from drinking at 
dinaer, " because," as they assert, " liquid dilutes and weak- 
ens the gastric juice." Plausible as this assertion is, we see 
that it ia directly contrary to fact. Our best guide in such 
cases is instinct ; our sensations t«ll us when to drink, and 
when to leave off drinking ; and we may rest assured that 
until Science can reconcile its dicta with the dicta of instinct, 
Science has still something to seek, Aa Goethe says in 
Sermann und Dorothea : 

" Ii:h Cadle oicbt gem was immer dem Meo^^lien 
Fiir nnncMdliche Tricbe diu gute Mutter Nntuc gab. 
Deon was Veratond und Vemunft nictt immer vennogen, vermag ofl 
Soldi ein gliicklielieT Hang, der unwiderstehlieh una leitef'-f 

Curiously enough, the digestion of albuminous substances 
is wded by the presence oi fat. Whether this influence is 
simply one of contact (calalifsis, as the chemists say), or 
whether the fat itself undergoes some alight chemical change, 
is undetermined ; and at any rate, the quantity changed 
must be so small as to escape our estimate. The feet hav- 

• tiaiUKK; Ptipilol, Chrnile, 0. 41. 

t Of whloh tbn rcsaer mmt secnpt lie following prose TeraloD :— "I On not 
tcBdUr blnmB nn; hHmleM Impulse wUch tlie kind Mutber, Nntnra, biu g(r«n to 
miui. For ofleo, the i'ii3 which lliBOnaBnitandLiigBndreison are Biiible to ItttUn 
fa arrived at bj a happy lostlDot or liicIliiatiDD Inosladbly loodlTi^ as.'* 
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ing been aseertained, we are led to speculate on its applioa- 
tiun. May not the custorei of our eating bacon or hara with 
chicken, and not with ducks and geese, have something to do 
with it 1 

Saliva also lends ita aid in the digestion of albuminoua 
substances, although incapable of itself acting on them. 
Bidder and Schmidt, indeed, found that it hindered the di- 
gestion of coagulated albumen ; but Dondera found that 
cooked flesh was more rapidly digested when saliva was 
mingled with the gastric juice, than when the gastric juice 
alone was used ; and even coagulated albumen was seen to 
be more rapidly digested when the gastric juice was made 
alkaline by the addition of saliva, in the case of the Estho- 
nian peasant previously mentioned.* 

The preceding paragraph suggests a serious doubt re- 
specting the current theories on the chemistry of Digestion, 
and is apparently subversive of all those experiments which 
went to show that digestive power was intimately connected 
with the acid in the gastric juice. And I am the more dis- 
posed to call attention to tliis difficulty, because nothing is 
more certain than that a large quantity of alkaline saliva ia 
normally present in the stomach, yet in spite thereof we 
know that digestion goes on ; while it ia equally certain that 
outside the organism, in artificial digesdon, alkalies arrest 
the power of the gastric juice. Here are two contradictory 
facta '. the alkaline saliva is found not to arrest Digestion in 
the stomach, and alkalies are found to arrest it out of the 
stomach. Can they be reconciled ? 

In a former chapter (see p. 90) attention was called to 
the complication of all vital problems by the necessary in- 
terference of the organism itself. We have an illustration 
in Digestion, In the organism, although the alkali of the 
saliva may neutralise a certain amount of the acid of the 

• Doimns : Phyttatogi*. i SIB. 
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gastric juice, it stimulates the gastric follicles to an increased 
aecreCion, so that, over and aliove the quantity neutralised, 
there is a lari/er quantity of gastric juice produced for the 
purposes of Digestion ; and thus in the organism, saliva has 
practically a contrary result from that which it produces out 
of the organism. 

Nor is this a mere hypothesis, without the warrant of 
analogy ; for if carbonate of soda be administered with iron, 
the iron is more rapidly attacked by the gastric juice than 
when administered without the alkali ; and this, says Ber- 
nard, is owing to the greater secretion of gastric juice which 
the carbonate of soda determines. 

4. Quanliiy of Oaslric Juice. — The quantity of gastric 
juice daily secreted has been very differently estimated, but 
the calculations of Bidder and Schmidt give the enormous 
amount of thirty-one pounds, or nearly one quarter of the 
whole weight of the body.* The quantity ia of course varia- 
We. It depends on physical and mental conditions, and on 
the nature of the food eaten ; some substances exciting a 
more active secretion than others. The quality is also va- 
riable. Griinewaldt and Schroder found the gastric juice of 
the Eathonian peasant very different under different condi- 
tions. When GrOnewaldt exam.ined it, the woman was liv- 
ing well, at his expense, and in comfortable quarters ; her 
gastric juice then contained 43 parts of solid matter in 100, 
and of these 43 no less than 36 were pepsin. When 
SdirSder examined it, the woman had l>een living for some 
months on spare diet in her own hut, and her gastric juice 
then, instead of 43 parts in 100, contained only 5J parts of 
solid ; and instead of 36 parts of pepsin, only 3 appeared ! 

In presence of differences so great as these, we must 

le Leeds UeeUag gf fka BrlCteh. AihwIsUod. Dr. HuU]r stated tbst hB 
band toj tuloiil secrete man thin onB-tanth ef its own weight In tha 
twiBty-rDor hgars. 
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hesitate before drftrting general conduaions from particular 
eases. We may also miderstond from it how food may be 
digestible at one time, which at another is indigestible. 

To close these details respecting gastric juice, it may be 
mentioned that calculations have been made respecting the 
quantity of nlbnmen whioh definite amounts are capable of 
dissolving. Lehmann estimates that 100 grammes* of juice 
dissolve 3 grammes of coagulated albumen, on the ayerage. 
Schmidt estimates it at no more than 2 or 3 grammes. But 
even if we accept the largest of these quantities, we are 
forced to admit that the whole amount of the gastric juice 
secreted during the day would not suffice to dissolve mora 
than half the albumen necessary for nutrition — another 
proof that stomachal Digestion is only one part, and that 
not the chief part, of the digestive process. 

5, BenilU of Inquiry. — Let us now sum up in a few 
brief propositions the net results at which we have arrived 
respecting stomachal Digestion : — 

1. In the stomach the food is chumcd, macerated, disin- 
tegrated, and much of it liquefied. 

2. The Fats have been liberated from their oeilnlar en- 
velope, and have become Oils, 

3. The Sugars have been little altered. The cane sugar 
has been changed into grape sugar, and probably a small 
proportion has been changed into lactic acid. 

4. The Vegetable matters have been more or less divided 
imd made pulpy, but not chemically altered, except some of 
their starch, which has been altered by the saliva. 

5. The Albuminous matters have been macerated, and 
some portion transformed into peptones. The whole has b». 
come a pulp. 

Bernard, as we before stated, cumpares the action of 
gastric juice on fatty, siirarharine, and albuminous matters, to 

• A gnumne la lomewluit mora thin IS gralne. 



JJJTION OF BASrmO JBICB ON THE 

that of boiling water. Boiling liquefies fat by dissolving the 
cellular envelope ; gastric juice does no more, but it does so 
at a eonsiderabij lower temperature. Starch and sugar are 
not changed by boiling, except that they take up a proportion 
of vater, which makes them what the ohemista call hydratei ; 
this also, he maintains, is the sole change effected in them by 
tbe gastric juice. Boiling dissolves the gelatinous parts of the 
bones and skin, leavingthe earthy parts, and the muscular fibre, 
Dimply dissociated, but not altered ; so does the gastric juice. 
Finally, Bernard calls attention to the fact that theinUatinal 
fluid digests meat which has been boiled, but not raw meat — 
■whichshows that boiling may replace the action of gastric j nice. 

Were then the ancients correct in the supposition that 
stomachal Digestion is merely a process of cooking ? To a 
great extent, yea. The process is in many respects analo- 
gous. It diifers, however, in one important point, namely, 
the chemical transformation of the food into peptones. 

6. Action of Oastric Juice on the Stomach, — Before 
quitting this subject we must glance at another ancient 
opinion, not yet universally discarded. When one of the 
Alobemista announced that he had discovered an universal 
solvent, Euuckell the chemist, with quiet wit, asked, " In 
what kind of vessel do you keep it?" The difficulty which 
Knuekell felt in conceiving a vessel that could resist the ac- 
tion of an universal solvent, was felt by the piiysiologists, 
who proclaimed that gastric juice was an universal solvent 
of animal substances which nevertheless did not dissolve the 
8toma<;h. What protected the stomach ! The mysterious 
entity, named " Vital Principle," which was the deus ex ma- 
ehind, and universal refuge in cases of difficulty, seemed to 
them the sole possible cause of this immunity enjoyed by 
the stomach. In proof, they appealed to the iact that in the 
dead body the stomach is sometimes seen to be attacked by 
lie gastric juice. Not content with attributing this immu- 
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nity of the stomach to tte Vital Principle, which " suspend- 
ed the action of chemical laws," thej urged this fact of immu- 
nity in the living stomach as a proof of the esistence of that 
very Vital Principle which effected it. Logicians call this 
arguing in a circle ; Itut let ua ae« if we cannot esplain the 
facts without having recourse to any Vital Principle aupend- 
ing and superseding chemical laws.* 

In the first place, as a matter of fact, the Vital Principle, 
' granting its existence, has no power whatever of arresting 
the action of gastric juice. The proof is easy. Place a 
little juice under the skin of a living animal, and you will 
find in a short time that the cellular tissue is dissolved, and 
the parts in contact with the fluid chymlfied. Bernard kept 
the hinder estremitios of a living fiog in contact with gastric 
juice, and found they were digested by it, in spite of that 
Vital Principle, which, according to its advocates, can sus- 
pend all chemical laws. 

We thus see that it is not the mere fact of the animal 
being alive which prevents the gastric juice from acting on 
ita stomach, Life having no mysterious power of " suspend- 
ing " such actions ; but that, whether dead or alive, the 
gastric juice will dissolve animal tissues. Why then is the 
stomach protected during life j For precisely the same 
reason that many poisons wliich rapidly destroy life when 
entering the blood, as in womids, are perfectly harmless 
when entering the stomach. The savage slays his game 
with poisoned arrows, and eats the poisoned flesh with im- 
punity. This is an interesting, hut by no means mysteri- 
ous fact. The poison is harmless in the stomach because it 
cannot be absorbed from the stomach ; and unless it be 
absorbed, and enter the blood, it cannot operate as a poison. 
There is no question of a Vita! Principle here ; it is simply 
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a question of Absorption. Let but the epithelial lining* of 
the stomach be destroyed in any spot, and the poison will 
there enter in spite of a Vital Principle. The case is analo- 
gous with the gastric juice ; the pepsin cannot be absorbed, 
because the epithelial lining of the stomach opposes that 
absorption. This epithelium, however, is very rapidly and 
easily destroyed ; and in the dead stomach the deHruclion, 
not being compensated by as rapid a renewal, leaves the 
tissue unprotected against the action of the gastric juice.f 

Life therefore endows the stomach with immunity, not 
because Life suspends the ordinary actions of matter, but 
because it here reaewg the protecting epithelium as fast as it 
IB destroyed ; and thus the phenomenon ia explained by dear 
physiological principles, without invoking the interference 
of a Vital Principle, the very essence of which is inconceiva- 
ble, and its modes of action wholly supposititious. 



I 



ni. iNTBaTisALDiOEBTiON, — ^Thc food hos b©como Chyme; 
■we have now to trace its transformation into Chyh. It has 
been, so to speak, cooked ; we have now to see it digested. 

Tie pulpy mass of Chyme enters from the stomach into 
lihe intestinal canal, and there undergoes its final changes dur- 
ing its passage through an organ the enormous size of which 
(Jhirty feet, and upwards, in length) ia alone sufficient to in- 
dicate its importance ; and this indication is further borne 
out by the &ct that large and important glands, such as the 
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Liver and the Pancreas, pour their secretion into it. This 
thirty feet canal is by anatomists distinguished as if it were 
two organs, though in reality it is one continuous tiibe. 
They speak of it as the Small Intestines — comprising the 
Duodenum, the Jejunum, and the Ileum; and the Large In- 
testines — comprising the Cacum, the Colon, and the Sectum 
(see p. 187, fig. 7). 

Here is it that Vegetables are made to yield whatever 
digestible material they contain ; fats are reduced to an 
emulsion which permits their being absorbed ; slareh is 
completely converted into fflycoae (starch-sugar) ; and the 
undigested ^mA is converted into peptones. 

In the Stomach the meehanieal processes are predomi- 
nant ; in the Intestine, these are subordinate to the ekemieal 
processes due to the influence of three fluids, tlie Bile, the 
Pancreatic juice, and the Intestinal juice. These we must 

1. The Bile. — Into the first of the Small Intestines 
(^Xfaodenuni) the Liver pours its secretion of Bile at a slight 
distance from the stomach (see p, 1S7, fig. 7, B'), No less 
than three or four pounds of this fluid are daily poured in. 
The quantity is of course variable, like that of every other 
secretion, being dependent on individual peculiarity, and on 
the nature of the food eaten. Fats, and fatty foods, diminith 
the quantity in a notable degree, according to Bidder and 
Schmidt, who found that cats fed solely on fat secreted no 
more than 0.327 of a gramme per hour, whereas their secre- 
tion on ordinary diet was 0.807 grm. 

Although far from denying the conclusion of these able 
experimenters, I cannot help pointing out a source of fallaoy 
in this experiment, which seems to have escaped criticism. 
We know that the quantity of Bile secreted is always larger 
on a full diet than on a spare diet, larger on flesh-diet than 
on mised diet ; when therefore cats were fed on fat alone, 
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they were fed on a diet which was equivalent to almost 
none at all, since all animals starye on fat alone. That this 
objection is valid may be seen in the fact that the quantity 
secreted by these fat-fed cats is actually the quantity which 
b secreted by the tasting animal. Had Bidder and Schmidt 
fed the cata on pure albumen, ^ believe they would very 
Boon have found the secretion of Bile was no greater than that 
from fat diet ; and for the same reason : pure albumen soon 
becomes equivalent to almost no food at all. The only 
positive conclusion I can draw from their experiment ia one 
Boffioiently curious — namely, that in spite of Bile being the 
most hydrocarbonaceous substance in the body, and of fot 
being a hydrocarbonaceous food, there seems wo definite rela- 
tion between the formation of the one and the presence of 
the other. 

There is an important practical (jueatiou directly connect- 
ed with this influence of fat on the secretion of Bile. Fata 
are said to make people bilious. On the other hand, some 
medical men advise bilioua people to eat bacon for breakfast. 
Now we must distinctly understand that even some medical 
men talk of" biliousnesa," when in truth the evil ia simply 
Indigestion ; and aa fat, if decomposed in the stomach, pro- 
duces Indigestion, fat may in this sense be said to make 
people bilious. There ia, however, a frequent " attack of 
biliousness " from which some unhappy people suffer, and 
this arises from a deficiency in the secretion of the Bile, 
The sluggish Liver leaves its work undone, like the over-fed 
servants of a great house. The host of all stimidantsis con- 
tinued exercise in the open air. But if it could be proved 
that fat has a tendency to diminish the secretion of Bile, we 
fihoald therein see the perfect explanation of the comfnon 
belief that " fata make people bilious." 

In the preceding section it was noted that water increased, 
instead of dimmishing, the digestive power of the gastric 
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juice. Its yahie in digestion ia further shown in the fact tiiat 
it increases the quantity of BUe — not only its amount of 
liquid, hut also ita amount of solid matter. A dog, afler 
eating 185 grammea of heef without water, accreted 2.283 
grm. of Bile, containing 0.135 solid matter. He waa aub- 
sequently allowed to take the same weight of water — 185 
grm. — without beef, and he secreted 5.165 grm. of Bile, 
containing 0.143 solid matter. On another occasion, aSter 
only 25 grm, of beef and 158 grm. of water, he secreted 
4.030 of Bile. Very surprising fact, which shows the im- 
mense importance of water in nutrition. 

Flesh increases the secretion considerably beyond that 
produced by vegetable diet. 

3. The part played by ihe Bile. — It would be easy to fill 
a small volume with the controversies which have long beea 
raging respiting the part played by this secretion in the 
animal economy ; but the reader will not expect anything 
of the kind here, and may be content with two facta which, 
if not absolutely beyond dispute, are at any rate fixed on so 
broad an inductive basis as to command confidence : Tliese 
are. First, that the Bile is formed i» the Liver, and by the 
Liver j it does not pre-exist in the blood, although of course 
its elements are there : Secondly, that it is at once a iecrttion 
and an excretion : the Liver separates from the blood sub- 
stances which itfoTitM anew int^ a fluid, this fluid taking its 
part in the digestive process, aiterwards to be reabiorbed 
into the blood ; and the Liver also separates from the blood, 
or forms anew, substances which, though constitutdng not 
more than one-eighth of the whole Bile (probably much 
less), are ejected from the organism as injurious.* 

In the stomach Bile at once arrests Digestion, If from 
any cause it has risen into the atoiaach, as unhappily it 
sometimes does, we are seized with nausea and vomiting. 

* Comp. BiDDn and SoHiuin, p. UT. 
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The evidence for this ia so plain that we cannot wonder if 
many writers have founded on it their disbelief in the diges- 
tive influence of the Bile, which they regard as a pure excre- 
tion. They overlook one important consideration, however, 
and forget that, when in the atomach, Bile is out of its right 
place. The intestine is its right place, and there its influence 
is digestive, although it there also counteracts the action of 
the gastric juice. 

This leads us to a very curious example of the complica- 
tion and seeming contradiction of organic processes. Bile 
undoubtedly arrests the influence of the Gastric Juice, inside 
as well as outside the body. Place a piece of meat in a 
glass vessel with some gastric juice ; the meat will soon 
manifest a commencement of digestion, the fibres will be 
dissociated, and the cellular tissue dissolved. If now a lit- 
tle bile be added, the digestive process is suddenly arrested : 
Uio gastric juice preserves its acidity, but loses its digestive 
influence. If, in a second vessel, meat be lefl in contact 
with gastric juice only, we find at the end of a few hours 
that a complete chymification has been effected ; whereas 
the meat to which bile was added remains unaltered, and 
will continue so for. a very long period. 

What is the nature of this action 1 Bernard maintains 
that it is nothing else than this : the ferment pepsin, which 
is operative in gastric juice, is precipilated, as the chemists 
say (separated and thrown down), and the albuminous sub- 
stances are once more rendered insoluble,* and ceaac to un- 
dergo chemical change. 

The reader will remember that the albuminous substances 
were rendered aolahle in the stomach by the gastric juice. 
On reaching the intestine, and there coming in contact with 
the Bile, they are once more rendered iimoluble : a yellow 
precipitate is formed, which sticks to the coat of the intes- 

' Beiibud : LefOTH dt P&yiiot. Btpirintnlale, 11. 
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tine ; and thus, while the starchy, fatty, sugary substauces 
contiuue their progress unchanged, the albuminous sub- 
stances are arrested, and all that was so laboriously achieved 
in the stomach seems undone again. If there were nothing 
to counteruct this influence of the bile, the digestion of meait 
would be impossible ; fortunately the delay ia temporary, 
and by the action of the pancreatic and intestinal juices, the 
albumen ia once more rendered soluble. 

We may now perhaps explain some points which have 
seemed very puzzling and contradictory. Experiments have 
been made which prove that when the gal! duct, through 
which the bile pours into the intestine, is opened, and the 
bile by removal is prevented from entering the intestine, the 
animal loses weight, and dies in a fortnight or three weeks. 
This result is intelligible when we reflect that normally the 
bile is mostly reabsorbed, only o 
as an excretion -, so that the lus 
immense drain on the system. 

But other experiments seemed flatly to contradict this 
result. The bile was removed, yet the animal lived on, 
apparently uninjured. Blondlot had a pointer who lived 
for five years with an artificial opening, or "fistula" in its 
gall duct ; she annually auekled her pups, and went out 
shooting with her master, as if nothing were the matter. 
On the strength of this it has been argued that bile is on 
excretion, and totally useless in Digestion. 

The contradiction has been explained thus : when the 
bile is removed, a much larger quantity of food becomes 
neceaaary, indeed as much again must be eaten, to preserve 
the standard weight. The extra supply of food compensates 
for the drain occnaioned by the loss of the bile. 

But we have still to prove that the bile has a digestive 
action. And that some material difference is produced by 
the bile is clear from the highly fetid odour of the excreta, 
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and the unusual development of gas, when the tile is pre- 
vented from pouring into the intestine. Flalulent dyspepsia 
is the result of a languid secretion from the liyer. 

We have already seen that the action of bile arrests the 
digestion of albuminous substances ; on sugar and atarch its 
action is inappreciable ; on fat its action is peculiar. There 
is no dispute that the bile greatly assists in the absorption 
offet; but Aow it does so is disputed.* Wis tinghau sen's 
experimentB show that whereas oil can only be made to 
penetrate an animal memhrane 'when submitted to a high 
pressure, it penetrates without any pressure at all, if the 
memhranB bo moistened with bile. Now all absorption in the 
organism takes place through membranes, and not through 
orifices: theabsorbentvesselshaveno open mouths to suck up 
fluids j the fluids pass into them through their delicate woils.f 

3. The part played by the Pancreatic Juice. — Under its 
form of " sweetbread " every one is familiar with the Pan- 
creas. It lies along the under-side of the stomath, and pours 
its secretion into the intestine through a duct (sometimes 
two ducts) wliieh enters a little way below the bile-duct (see 
p. 187, Fig. 7, W). 

If Bernard's views of its functions are correct, it is the 
roost important organ in the whole course of the alimentary 
canal, for it possesses the property of forming faU into an 
emulsion, of transforming atarch into sugar, and of acting on 
albuminom substances — both those precipitated by the bile, 
and those also which the gastric juice has not yet dissolved. 
But, he Bays, it possesses this power over alhimiinous sub- 
stances only tt/ler they have been acted on by the bUe. If 

■ Mr, Mutwt has recentlf vlrjipced ctt^nt revuinB tar ^nppo^lpg that tTiB bLIa 
■nlsts In Uiii KbiorptiDD of tho fitt; aMa, and that those aro piwlnned In the 
ttotBMAtnmlbttiMi>raiitooi.—Xi^iiial 7Vm(», B91h Ang. 19SS. 1 fcoow only 
tlu muljtla of tbls piper glian by Bbowm aiuoiEn : Journal de la Fkya, i. S0& 

t See thfl aipluattoD gf SViffonncwIi Ln tlio chapter ou Food Ajm DBin, 
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we takd food directly from the stoinach, and aubinit it to 
the action of the Pancreatic Juice, no such effect ensues ; 
■whereas if the food taken from the stomach be first mixed 
with a little bile, and then submitted to the Pancreatic 
Juice, the digestive effect is obtained. Thus the successive 
actions of Gastric Juice — Bile — and Pancreatic Juice, form 
a necessary series.* 

There has been great dispute respecting the functions thus 
attributed to the Pancreas, and although Bernard replies to 
his antagonists with great skill and ingenuity, the researches 
of Colin and B6rardf place beyond a doubt that &t is 
absorbed even when the Pancreas has been extirpated ; 
and, moreover, the fact of animals digesting when their bile 
is removed, proves that the PancroAtic Juice does act on the 
food even without the previous action of the bile. Wo 
must, therefore, somewhat qualify Bernard's statement, and 
say that the action of the Pancreatic Juice alone is much 
less energetic than when following that of the bile ; and that 
although the Pancreas may greatly assist the absorption of 
&t, it is not indispensable to it. 

The united influence of the bile and Pancreatic Juiod 
transforms such portions of the starch as have escaped the 
action of the saliva into dextrine and glycose (see pp. 159, 
160), into whieJi the starch must pass before it can be ab- 
Borbedj it renders tbe fats easy of absorption; and it dissolves 
albuminous substances. 

4. The Intestinal Juice. — Although the processes juat 
named are capable of digesting all alimentary substances, the 
process of Digestion is not really completed by them, but 
is continued and finished during the passage of the food 
along the whole length of the intestine, by mejins of the 
Intestinal Juice, a fluid secreted from the glands which are 
imbedded in the lining coat of the intestine. The following 

• Biuaxd; Litmt,\L*a, t SmHiuviib: Btri(M, IBST.p. MS. 
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figure rpprcsctits three of these glands, named after Brunner, 
Lieburkiilin, and Peycr, their distMJverers. 




The action of this Intestinal Jui<» has been demonstrated 
by Bidder and Schmidt in the following ingenious experi- 
ment. A cMil of a dog's intestine was drawn through an 
opening, and a thread tied round it, so as to cut ofi* the inflnx 
of the gastric fluids ; into this intestine, small mualin bags 

re introduced, containing coagulated albumen and meat ; 
the coil was then replaced. After periods of from six to 
fourteen houra, the dogs were killed. The bags were found 
in different regiona of the intestine, some having scarcely 
moved, some having been carried down as far as the caeum 
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(Fig. 7. >], p. 187) ; but in every caw the albumen and meat 
were more or less changed, and had lost weight, some hav- 
ing lost IS, and others 85 per cent, of their solids. 

In the Sea-Hare {^Aplyna) I have mure than once traced 
this action of the intestine. The food quits the atomaoh in a 
very imperfect state of digestion, and may be traced gradu- 
ally along the whole length of the intestine, digestion not 
being finally completed till tiie colon, is reached. Indeed) 
a priori, one might have drawn such a conclusion. Hie 
fiinction of Digestion is performed by the whole alimentary 
canal, and if particular parts of this canal have a special 
office, in virtue of some special development, the whole oi^an 
is necessary for the whole result. 

rV. The Natubk of the Chylk. — We have thus com' 
pleted our history of the digestive process. The food has 
become Chyme, the Chyme has become Chyle, and the Chyle 
will be absorbed, and become Blood. 

The following dii^am, copied from Bernard, may aasiat 
the amateur in following the course of the digestive tract. 

In the mouth the food is acted on by the saliva issuing 
from the parotid (p), the auhjnaxillary (j), and the mblingual 
glands (j'). It passes along the oesophagus (os) and reaehes 
the stomack (E), whence it passes into the duodenum {d), and ' 
the whole length of the small inUaline (i), to the cacum (y), 
and colon (r). 

During its course, such portions of the food as have 
become soluble are absorbed — 1 , by the Portal Veins { Vp), 
which carry them to the Liver (F), and, 2, by the laeteala 
{ 77), minute absorbent vessels which carry them to the 
reservoir of Pecquet (S), from whence they are transmitted 
by the thoracic duct (tt) to the subclavian vein, where they 
join the blood. ITie other parts of this diagram will be 
explained hereafter. Meanwhile, if the reader considers for 
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a moment the immense preponderance of the absorbent 
portal veins over the absorlient lacteals, he will see that the 
popular notion of tlie Chyle, which is found in the lacteals, 
being the quintessence of the food, is altogether erroneous. 
If we call Chyle that which is found in the intestine before 
absorption, we may be justified in the assertion that the 
object of digestion is to make Chyle. But if we suppose 
that the fluid circulating in the chyliferous vessels (lacteals) 
ia all the Chyle, we shall greatly err, T/ik Chyle is really 
little more than ordinary lymph and lat. The chief part of 
the digested food, chief in quality as in quantity, never eaters 
the lacteal vessels, but is carried by the portal veins to the i 
liver. Comparative anatomy, teaching as it does that birds ' 
have no lacteals, that reptiles have none, and that fishes have 
none, plainly teaches that the fiinction of these vessels must 
be special, and Qande Bernard maintains that it is limited to 
the absorption of fat. 



V. Causes of Isbigkstion. — In unfolding the variouB 
stages of the digestive process, we have at tlie same time 
unfolded several of the causes which may disturb that pro- 
cess, and afflict human beings with a slight or terrible attack 
of Indigestion. 

It ia certain that if the food be not well mastitated and 
saturated with saliva, we must have the powerful gaatrio juioe 
of a dog, or a Hon, to compensate this deficiency ; otherwise 
a larger proportion of the michangcd food will be transmitted. 
to the intestines than they can well manage, or wUI lie likS' 
a load oppressing the stomach. The starch will descend iit 
lumps, and although much of it will be dissolved by inte»'' i 
tinal digestion, some will paas away undigested. 

If the secretion of Gastric Juice be languid, or if that 
fluid bo not sutliciently acid, chymification will be laborious , 
and p^fiil. If the bile rise in the stomach, digestion wiU , 
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cease ; if the secretion of bilo be too scanty, the food will 
lie like a burden, and produce diarrhoea or sickness ; and so 
on to the end of the chapter. Let there be only a little acid, 
or a little more alkali, each of which depends on eornplex 
conditions, and Digestion, which to the young and healthy 
is as easy as it is delightfiil, becornea the source of misery, 

Hi-selected food is one source of these evils ; but it has 
been touched on in a previous chapter, and need not detain 
us now. Want of fresh air and esercise is another source. 
The action of the liver is particularly affected by exercise ; 
and all who suffer from biliousness should pay their fees to 
the livery stable and waterman, horse-exercise and rowing 
being incomparably the best of prescriptions. A walking 
excursion, especially in mountain districts, and with resolute 
arvoidance of walking too much, will bo of great service to 
the (iyspeptic. It is important to bear in mind, moreover, 
that although sedentary habits are very injurious to the 
Digestion, they are less so than bad ventilation ; those who 
sit long, and sit in bad air, are sure to suffer. We shall 
touch on this point in the chapter on Rbbpi&ation and Scv- 

FOCATION. 

The influence of the Nervous System is perhaps even 

I more prominently manifested than that of any other cause 
of Indigestion. It is comparatively rare to meet with Indi- 
gestion among artisans, in spite of their ill-cooked food, 
their eiposure to all weathers, and other hardships ; and it 
is as rare to meet with good Digestion among the artisans 
of the brain, no matter how careiiil they may be in food and 
general habits. Protracted thought, concentrated effort in 
the directions of Philosophy, Science, or Art, almost always 
exact a terrible price. Nerve-tissue is inordinately espensive. 
But it is worthy of remark, that mere intellectual activity, 
when unaccompanied by agitating emotion, never seems to 
affect the Digestion, unless the effort be of an unusual 
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intensity. Our passions am destroying flames. Anger, 
Ambition, Envy, Despair, Sorrow, and even sudden Joy, 
immediately disturb the digestion. A letter bringing bad i 
news, the sight of anything which painfully affects us, a 
burst of temper, or an anxious care, will sometimes render 
the strongest of ua iucapable-of digesting a meal. If the I 
food be swallowed, it will not be digested, or digested only , 
at a vast expense. And herein may be learned a lesson 
against a very common mistake committed by very sensibls j 
people. When a friend is overwhelmed with grief, we 
try to force him gently to take the food he obstinately 
refuses, " Do try and eat a mouthful ; it is necessary 
for your strength ; you will fall ill." Perhaps our en- 
treaties succeed; he takes a little food "aa a support." 
Error ! the food will weaken, not strengthen him. In such 
cases Instinct may safely be relied on. When a man is 
hungry, he will eat. When he will not eat, he should be 
left in peace until hunger prompts. If in compliance wife 
the entreaties of friends ho takes a meal, it will do him 
harm rather than good. There are, indeed, people who 
think that to eat in times of sorrow, is a proof of want oi 1 
feeling, and that their appetite is a sign of disrespect; as it | 
appetite were subject to the will. Such people must ba 
reasoned with, and told that it is as foolish to refuse food 
when the appetite demands it, as to eat it when the s] 
rebels against it. 

There is another direction in which the Nervous System ' 
influences Digestion, although it can only be briefly alluded 
to here. When we come to treat of nervous phenomena, 
we shall more particularly examine the nature of Reflex 
Action ; at present it is enough to say, that certain parts of 
the organic mechanism are so intimately allied in action, , 
that they are said to s'jmpalhue with CK'h other. All parts 
of the alimentary canal sympathise. Whenever the sslivft 
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ia profusely seereted, the gastric juice " sympathises," and 
is also secreted ; and any irritation of the mucous membrftiie 
of the Btomach iDci-eases the flow of saliva. This is a fact 
to be borne in mind, the more bo as few persons seem thor- 
oughly aware of it, although it serves as a simple indication 
of an irritated state of the stomach, wliioh they might well 
note. In my own person I have frequent experience of it ; 
and the presence of an unusual flow of saliva is always a 
warning to me that the mucous membrane of my stomach is 
alfecteJ. Dr. Gairdner mentions the remarkahle case of a 
man who accreted irom sL^ to eight ounces of saliva during 
a meal of broth which was injected into his stomach ; and 
the reverse has been observed — an excitation of the nerves 
of taste producing a flow of gastric juice and bile.* 

The deduction from these facts is simple and important. 
All who are trouhled with a deficiency of gastric juice 
should be careful to let their food be as full of Jlavour as 
possible. Tasteless food, by leaving the nerves of taste 
comparatively quiet, leaves the secretion of gastric juice 
proportionately feeble. Food which has a relish can ba 
more easily digested. Every one knows that we can eat a 
variety of dbhes with less labour in digestion, than a smaller 
quantity of one kind of food, simply because the variety of 
" relish " makes the digestive process more active. 

It is, I conceive, from the same law of sympathetic action 
that smoking, attor a meal, assists digestion. There has 
been much discussion respecting the injuriousness of smok- 
ing, ever since Tobacco was first discovered ; but as Physi- 
ology was — and still is in most circles — little understood, a 
very considerable amount of nonsense has been, and contin- 
s to be, uttered on this question. It is a positive fact that 
' the gastric secretion can at any time be produced by simply 
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stimulating the salivary glands with tobacco ; and, as before 
stated, whatever stimulates the accretion of saliva prnmotes 
that of the gastric juice. Smoking does this. A cigar after 
dinner ia therefore to that extent beneficial. Not so be/ore 
a meal. 

But the action of tobacco is not confined to this — it has 
other influences, BOTiie beneficial, some injurious; the amount 
of injury depends on the nature of the organiam ; and therein 
each person must judge for himaelf. There is only one 
caution which it is right to place before the reader. When. 
tobacco is said to be not injurious, but beneficial, it must 
always be understood to moan tobacco in Rmall quantities. 
^Excess in tobacco is very injurious; so also is excess in 
alcohol; so also would be excess in mutton-chopa. All 
excesa is dangerous. All stimulants should be used spar- 
ingly. Yet the man who never thinks of exceeding his half 
a pint of wine, or pint of beer, daily, makes no scruple of 
smoking a dozen cigars. From my own experience, rendered 
vigilant as I am hj a delicate digestion, and an easily dis- 
turbed organism, I can cons(uentiously say that two cigars 
daily, always taken after, and never before, the chief meals, 
have proved themselves to be decidedly beneficial m many- 
directions ; but I should no more think of increaaing that 
quantity, than of increasing my daily quantity of cofiee or 
beer. Other organisms could of course endure greater 
quantities. Each must determine the proper limit for him- 
self, and having determined it, abide by it. 

Among the many slight causes of imp^red digestion is 
to be reckoned the very general disregard to eating between 
meals. The powerful digestion of a growing boy makes 
light of all such irregularities ; but to see adulta, and often 
those by no means in robust health, eating muffins, buttertj 
toast, or bread-and-butter, a couple of hours after a heavy 
dinner, is a distressing spectacle to the physiologist. It 
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takes at hast four hours to digest a dinner ; during that 
period the Btomach should be allowed repose. A little tea, 
or any other liquid, is beneficial rather than otherwise ; but 
solid food 59 a mere encumbrance r there is no gastric juice 
ready to digest it ; and if any reader, having at all a delicate 
digestion, will attend to his sensations after eating muffin, or 
toast, at tea, unless his dinner has had time to digest, he 
will need no sentences of explanation to convince him of 
the serious error prevalent in English families of making 
tea a light meal, quickly succeeding a substantia] dinner. 

Regularity in the hours of eating is far from necessary ; 
but regularity of intervals is of primary importance. It 
matters little at what hour you lunch or dine, provided you 
allow tile proper intervals to elapse between breakfast and 
luncheon, and between luncheon and dinner. What are 
those intervals ? This is a question each must settle for 
Uraself, Much depends on the amount eaten at each meal, 
much also on the rapidity with which each person digests. 
Less than four hours should never be allowed after a heavy 
meal of meat. Five hours is about the average for men in 
active work. But those who dine late — at six or seven — 
never need food again until breakfast next day, unless they 
have been at the theatre ; or dancing ; or exerting themselves 
in Parliament; in which cases a light supper is requl^te. 



We have thus traced Food through its metamorphoses 
into Chyle, As Chyle, it is absorbed by the lactcals and 
I to join tlie Blopd Jt is this complex fluid which wo 
Q now to examine. 
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THE STRUCTURE AKD USES OF OCTK BLOOD. 
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Blood is a mighty river of life. It is the myaterious ( 
tre of chemical and vital acticus as wonderful as they are iit> I 
diapensahle, soliciting our attention no leas hythemfmyl 
prohlems offered to speculative ingenuity, than by the import" a 
ant practical conclusions to which our ideas respecting tlMV 
Blood necessarily load. By some the Blood is regardd 
the source of all diseases, and to"purifytho Blood " ia thel 
object of their treatment. Many quacks seize on this notioi»,M 
and in sublime ignorance of the nature of the Blood they.I 
profess to purify, and of the means by which their dragBl 
could possibly purify it, make fortunes out of the credulilyl 
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of the public. I would warn my readers at the outaet agmiist 
this notion of " purifying " their Biood. Not that the Blood 
is always healthy and pure, free from hurtful substances, 
and rich in needluL substances ; but Nature herself takes 
this purification in hand, whenever it is possible — or, to 
Bpeak less ambiguously, the oi^anic processes upon which 
our existence depends for its continuance are themselves the 
means by which the Blood is kept at its proper standard, 
hurtful substances removed, and needful substances carried 
to it. The Blood is not like a river into which anything-, 
and in any amount, may be introduced from without. It 
;gets rid of, or destroys, all substances which do not form 
^rt and parcel of its own structure; or, failing in that, it 
to act as living blood. And of those substances 
owhich form part and parcel of its structure, it will only take 
Up, or retain, certain definite quantities — the surplus is rap- 
idly got rid of. Let a man drink gallons of water, and his 
blood will not be more watery than before. Let him take 
quantities of salt, and his blood will not be more saline. 
In the incessant changes which take place within the circu- 
lating system, the Blood itself constantly tends towards uni- 
formity of composition. 

Nor is this all. On the supposition that we could 

purify the blood" of a diseased patient, nothing would be 

ained by it, as respects his cure ; for the malady under 

'hioh he labours does not lie in the blood, but in the tis- 

•toies ; and when they are in a diseased condition, it is of no 

•toe to present them with purer blood ; because, although 

•tiioy take from the blood all the materials for their nutrition, 

ilhey can only take such as their condition allows. But we 

Khali explain this more fiiUy hereafter. 

This river of Life is impetuously rushing through every 
lart of the body, by means of an elaborate net-work of 
lis. In the course of the year, these cnnals carry not less 
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than three thousand pounds' weight of nutritive material ta 
the various tissues, and three thousand pounds' weight of 
wasted jaateiial from the tissues. 

At every moment of our lives there is something like ten 
pounds of Blood rushing along in one uninterrupted throb- 
bing stream, from the heart through the great arteriesj whioh 
branch and branch like the boughs of a tree, the vessels b&- 
coming smaller and smaller as they subdivide, till they are 
invisible to the naked eye, and are then called capillaries 
(hair-like vessels), although they are no more to be compared 
in size with hairs, than hairs are to be compared with cablea. 
These capillaries form a network much finer than the fineet 
lace — so fine, indeed, that if we pierce the surface, at almost 
any part, with the point of a neodlo, wo open one of these 
vessels and let out its contents. But as even this will not 
convey an idea of the fineness of the capillary network, we 



will give a figure c 
liv 



■ the vessels ■ 



I the surface of a rabbit's 

This, which we have co- 
pied from Virchow, shows 
U8 how densely crowded the 
vessels are ; they seem to 
form nearly the whole bulk 
of the liver. 

Through the vialla of 

these capillaries, the Blood 

Buffers some of its nutritive 

material to ooze, receiving 

in exchange the worn-out 

"■ material of the tissues, 

be arterial, and has become 

its course through the veins, 

which, commencing in the copillarics, reverse the arrangement 

we noticed in the arteries, and become less and less n<uner- 
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eus, their twigs becoming braudms, and their branohos 
tmnkB, till they reach the heart. 

In this ceaselessly-circulating stream forty or more dif- 
ferent aubstwices are hurried along : it carries gases, it car- 
ries salts, it carries metals — nay, it carries what may bo 
enlled soaps. The iron, which it washes onwards, can be 
separated ; and Prof. Berard used to exhibit a lump of it in 
his lecture room — so that one ingenious Frenchman was led 
to suggest that coins should be struck from the metal extract- 
ed from the blood of groat men ! Lest this statement should 
mislead the reader, I will add that the quantity of iron in 
the blood is estremely small ; but as the quantity of blood 
is large, and is perpetually being renewed, it affords the 
chemist the means of extracting a lump of iron from. it. 

Let us now examine the principal constituents of this 
organic structure — first its solid, and then its liquid parts. 

1, The Slood'discs. — Although to the naked eye the 
blood appears a simple fluid, having a colour more or less 
scarlet, the microscope assures us that it is a fluid which 
carries certain solid bodies of 
definite shape and siz 
definite, indeed, that a 
st^n, no matter where, ^ 
the experienced eye, betray 
I, ^ whether it be the blood of a 
fti'munmal, a bird, a reptile, or 
■ fish. 

Prick your finger with a 

p-Beedle, place the drop on the 

** glass-slide under your r 

► aeope, cover it with a thin glas 

^ tffid look. You will be aur- 

r prised, perhaps, to observe that the blood which had so deep 

I' & tint of scarlet in the mass, is of a pale reddish yellow, now 
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that it is spread out on the slide ; \s'hereitpos you conclude 
that the depth of tint aroae from the dense aggregation 
of those rod dish-yellow diKs, which you observe scattered 
about, some of them sticking together, and presenting the 
appearance of piles of half-sovereigns. 

It is these " floating solids " of the "blood upon which 
your attention must now be fised. They are variously 
named Blood-corpuacUt, Blood-globuleg, Blood-cells, and 
Blood-discs. It is a pity that one term is not finally 
adopted ; and blood-discs seoms on the whole the best, as 
being descriptive, without involving any hypothesis. Meaa- 
while, since physiologists use all these terms, the reader 
miist be prepared to meet with all. 

The first person who saw these blood-discs was undoubt- 
edly Swammerdamm, in 1658 ; but as his observations 
were not published till a century afterwards, and as in 
Science priority can only rightfully be awarded to him who 
first publishes, the title of discoverer is given to Malpighi, 
who saw and described them in the blood of a hedgehog in 
1601. He saw them, but did not understand them. They 
appeared to him to be only globules of fat. 

The commencement of accurate knowledge datea from 
Leeuwenhaek, who, in 1673, detected them in human blood. 
" These particles," he says, " are so minute, that one hun- 
dred of them placed side by side would not equal the di- 
ameter of a common grain of aand ; consequently, a grain 
of sand is above a million times the size of one such globule."* 

We have now tlie exact measurement of these discs, 
which was not possible in his day. Extending his observa- 
tions, Lceuwenhoek found that in birds and fishes, as well aa 
in quadrupeds, the colour of the blood was due to these 
He seems to have been puzzled by the iiict, that in 
fishes the discs are not round, but oval ; and he at first at- 
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tributed this to the compresaion exercised by the vessels. It 
is instructive to hear him confers tha,t he could not persuade 
himself " that the natural shape of the particles of blood in 
fishes was an oval ; for ioasmuch as a spherical seemed to 
me the more perfect form."* He was too good an observer, 
however, to permit such metaphysical conceptions long to 
mask the truth, end accordingly, he described and figured 
the blood-discs in the fish as oval.f 

It is to Hewson that science is indebted for the most 
accurate and exhaustive investigation of the blood which has 
been made from 1770 down to our own time; and it has 
been even asserted by one whoso word is an authority ,J that 
Hewson's works contain the germ of all the discoveries mode 
in our own day. 

There is sometliing at once painful and instructive in the 
fact, that, after the publication of researches so precise and 
important aa those of Leeuwenhoek and Hewson, the whole 
subject should have teen suffered for many years to lapse 
into ignorant neglect ; and instead of any progress being 
made, we find the raost eminent physiologists at the begin- 
ning of the present century (Richerand and Majendie, for 

mplc) denying positively that the blood-discs existed, or 
that the microscope could tell us anything about them.§ 
Nevertheless, there is not an amateur of the present day 
who is not familiar with them. Science has carefully regis- 
tered the esact measurements and forms of these discs, in 
upwards of five hundred different species of animals. 
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Contempt of microscopic research seriouBly retarded the 
progress of Physiology ; it has its parallel in a similar con- 
tempt inspired by the great Linnocus respecting the applica- 
tion of the microscope to Botany ; and as the physiologists 
of this century have had to rediscover what was known to 
Leeuwcnhock and Hewson, so also have the botanists had 
to rediscover what was familiar to Malpighi, 

2. Inflnence of Ike Form of the 2>(si-».~There must as- 
suredly be some relation between X^iafortn and site of these 
discs and their function ; but what that relation is, no one 
has yet made out. In general, the larger discs are found 
in the less advanced organisms ; that is to say, they are 
larger in the embryo than in the adult, larger in birds than 
mammals, larger in reptiles and fishes than in birds. But 
they are largest of all in the Triton and Proteus, which be- 
ing reptiles are exceptions to this rule. Nor can the rule 
be taken absolutely, even within those limits we have named, 
since although reptiles ore less advanced in oiganiaotion than 
mammals, and have larger discs, it is not the le-aat advanced 
among the mammals that have the largest discs ; — for in- 
stance, the ruminants are less advanced than thecjuadrumana, 
yet among mammals the ruminants have the smallest discs ; 
and in man they are as large as in rodents.* 

3. Structure of the IHacs. — The structure of these bodiea 
is necessarily difficult of study. Leeuweuhoek, and others, 
observed that in the discs of the fish and reptile there is al- 
ways a central spot which appears dark, or clear, according 
as it is viewed by transmitted, or reflected, light. This ap- 
pearance was interpreted as indicating a hole in the discs, 
which made them resemble quoits. But Ilewson settled 
the point by proving the central spot to be a solid nueUtu, 
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which he saw uacaping from its envelope, and floating freo 
in the liquid — an observation subsequently confirmed. 

It is worthy of remark that this nucleus is seen with 
difficulty when the blood is newly drawn Ironi a vessel, al- 
though it speedily becomes distinot, especially if a little 
water be added. This has led Valentin, Wagner, Henle, 
Donders, and Moleschott to the conclusion that the nucleiiH 
is not present in living discs, but arises from internal eoagu- 
lalwa on exposure of the discs to the air : a conclusion re- 
jected by Mayer and KolUker, the former averring that he 
has »eeH the uudeus while the blood-disoi were still circu 
lating in the capillaries of a young frog's foot. I have not 
^leen able to see this in tJie large discs of the Triton, and 
know not if Mayer's observation has been confirmed by any 
other mieroscopista. 

The most perfect opportunity I ever enjoyed of seeing 
tho nucleus, under the circumatanMs mentioned by Mayer, 
was with Professor von Siebold, when examining the gills 
of the embryo of Saiamandra atra. This salamander brings 
forth its young alive ; but it lives high up in the mountains, 
out of the reach of water, and its young would perish were 
they to come into the world like tho yoimg of other sala- 
manders; namely, as tadpoles. Instep, therefore, of going 
through its metamorphoses in the water, the young Sala- 
ntatidra alra goes through them in its mother's body, and is 
bom with perfect lungs, and without gills. Professor von 
Siebold removed two or three of these young ones before 
they had completed their metamorphoses, while therefore 
they were still in the tadpole state ; and the elegant appear- 
ance under the microscope of their long delicate gills, like 
gelatinous fern-leaves, was exquiaile. The excessive trans- 
parency of these gills render i^d our observation of the circu- 
lation peculiarly favourable; but although I gave special 
a to it, 1 could not detect the nucleus. 
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But there are other grounds on which I should be dis. 
posed to iiecept the foet of the nucleus being normally pres- 
ent, and not simply the result of coagulation : the chief of 
these is, that in the embryo of every mammal we discover 
nuclei in the discs, whereas in tho adult animal no nuclei are 
discoverable, even after long exposure to the nir ; iu5d the 
philosophic zoologist well knowa in how many minute par- 
ticulars the embryonic state of the higher animals represents 
the ptrtnanent state of the lower. In the discs of all adult 
mammalia the nucleus is absent ; what has sometimes been 
mistaken for it is simply a central depression of the disc, 
which gives it tho form of a bi-eoncave lens. Nevertheless 
although the nucleus is absent in the adult, it is present in 
the embryo. 

Robin says that almost all tho discs have a nudeuswhrai 
first the blood appears, but even then some are without it. 
" By tho time the embryo has attained a length of thirty 
millimitres, at least one-half of the discs are without a nucleus, 
and the number goes on increasing, although even as late as 
the fourth month a few rare examples may be found," 
From that period, he says, they are no longer visible in the 
human subject ;* but 1 have seen on two occasions what 
may have been the nucleus in a few discs of a newborn kit- 
ten, and one in a drop of blood of an adult mole.f 

4, 2Tie Colovrlem Corpusden. — There aro other bodies 
in the blood beside these, and they are known as tbe 
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atlourltti corpuiclis, which consist of two, if not throe, differ- 
ent kinds. The true colourless corpuscle (and it will be con- 
Tenient to confine the term disc, or cell, to the red corpus- 
cle) is much larger than the disc, and seems to be a, round 
vesicle containing a number of esLcessively minute particles 
imbedded in a gelatinous substance. This corpuscle has the 
property of spontaneo-us expansion and conlraclion, which 
forcibly reminds the observer of the contractions and expan- 
sions of that singular microscopic animalcule, the Am<sbo, 
probably the very simplest of all organic beings. 

Some of my readers are probably not acquainted with 
even the name, much less the nature, of this microscopic 
wiimal, which is nevertheless bo interesting to naturalists 
that a goodly array of authorities may be cited when it is 
mentioned. A few words of explanation will suffice here. 

The Amoeba is a single cell : it has no " organs " what- 
ever, but crawls along the surface by extemporising an arm 
or a leg, out of its elastic body ; this arm or leg is speedily 
idrawn in again, and fresh arms are thrown out ; thus, as 
^oa watch it, you perceive it assuming an endless succession 
■of forms, justifying the name of Proteus originally bestowed 
•lea it. 

So like the Amoeba is the colourless blooiJ-corpusclo, 
tiiat many observers have not hesitated to adopt the opinion 
i&at these corpuscles arc actually animalcules, and that our 
'blood is a select vivarium ; an opinion which is not very 
tenable, and is far from necessary for the purposes of ex- 
planation. We may admit, and the point is of philosophic 
interest, that the blood-corpuscles are analogous to the 
Amcebffi, without admitting thetn'to be parasites. 

Considering the wondrous uniformity in the organic 
.weation, considering how Life seems everywhere to mani- 
•fcst itself under forms which through endless varieties pre- 
«on'e an uniformity not less man-cUous — so few and simple 
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seem to be the laws of organic combination — there is noth- 
ing at all improbable iu the idea that as the Amceba is a 
starting-point of Uie animal scries, an analogous form may 
also be developed in tlie blood. In many of the lower ani- 
mals t!ie blood abounds in these Amcehu-like oelle.* More- 
over, the very substanee (if the fresh-water Polype sometimes 
breaks up into several distinct masses, which c^i in no re- 
spect be distinguished from Amcebte.f 

Although it is wrong to consider these Amoeba-like cor- 
puscles to be parasites, I may mention, in passing, that tiie 
blood has its peculiar parasite, and a very singular animal it 
is. Bilharz describes it, under the name of Distoma hanut- 
loiiium, as a double animal, the se:keB being perfectly sepa- 
rate, the male lodging the female in a sort of tube extending 
along its stomach. With two heads and two tails, it seems 
only to have one body. This specimen of " two single 
parasites rolled into one," is only found in the blood of mui, 
and is as limited in its choice of a homo as the parasite 
which finds a home in the brain of the sheep (producing 
there tbe " staggers," well known to farmers), or the parasite 
which gives pigs the " measles. "J 

The colourless corpuscles are not numerous in healtliy 
human blood, and play but a secondary part, unless we as- 
sume, with many physiologists, that they are the early stage 
of the red-discs. Professor Draper speaks unhesitatingly to 
this effect. He says there are three periods in the history 
of our blood-cells. Those of the lirst perii>d originate sim- 
ultaneously with, or even previously to, the heart— these 
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are the embryonal cells which are colourless and nucleated. 
,Thcse becoming liquid internally, are developed into the 
cells of the second poriod, which are red, nucleated, and 
oval, like the normal celU of reptiles. The cells of the third 
.period replace these, " the transition being clearly connected 
with the production of lymph and chyle corpuscles." This 
ohange takes place at the close of the second month of fostat 
life ; and &om henceforwards no change is observable ; the 
oells continue to be red, bi-concave, non-nucleated, and cir- 
cular. " The cell of the first period is therefore spherical, 
trliit«, and nucleated ^ that of the second, red, diso-ahaped, 
and nucleated ; that of the third, red, disc-shaped, bi-concave, 
and non-nucleated. The primordial cell advances to devel- 
opment in different orders of living beings. The blood of 
tfiB invert«l)rated animals contains coarse granule-oells, which 
pass forward to the condition of line granule-cells, and roach 
the utmost perfection they are there to attain in the colour- 
lew nucleated cell of the first period of man. In oviparous 
VM^brated animals, the development is carried a step fiir- 
Aer, the red nucleated cell arising, and In them it stops at 
tfais, the second period. In mammals the third stage is 
Macfacd in the red non-Budeated disc, ivhich is therefore the 
most perfect form." • 

Hie resemblance here indicated between the transitory 
Jbrms of the blood in the higher animals, and the permanent 
Ibrms of the blood in the lower animals, points at a hidden 
law of Of^nic combination which will perhaps one day be 
detected, and which will effect for Biology as much as the 
law of definite proportions has effected for Chemistry. No 
one can have studied the development of animals, without 
being profoundly impre scd with tbe conviction that there is 
something deeper than coincidence in the recurrence of 
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those forraSj however transitory, which characterise the per 
manent condition of some animals simpler in organisation. 

The colourless corpusclea are found by Moleschott to be 
far more numerona in children than in adults. Tlie difference 
between the blood of youth, manhood, and old age, is but 
trifling; yet there is a continual decrease with age. Women, 
when in their ordinary condition, have fewer corpuscles than 
men; but during pregnancy, and other periods, the quantity 
increases, without, however, reaching that in the blood of 
children. Albuminous food increases the quantity,* 

5. Is Ike £hod alive f — After making ourselves acquainted 
with these blood-cells and their history, which even the amar 
tear may do with pleasure and profit, we shall have to meet 
the question — Is the blood alive ? — a question often debated, 
and not without its interest to the speculative mind. Har- 
veyl held the blood to be the " primigenial and principal 
part, because that in and from it the fountain of motion and 
pulsation is derived ; also because the animal heat or TJtal 
spirit is first radicated and implanted, and the soulo takes up 
her mansion in it." We see here the influence of the ancient 
philosophy. Harvey further declares, " Life consists in the 
blood (as we read in Holy Scripture), because in it the Life 
and Soule do first dawn and last set. . . , The blood is the 
genital part, the fountain of Life, primum vivem, ultimum, 
moriem." 

Harvey's views were taken up, with modifications, and 
argued earnestly by Hunter, in his celebrated work On the 
Blood. The constant objection urged against Hunter by hia 
contemporaries and successors, was their inability to con- 
ceive a living liquid; but Milne Edwards meets this by 
saying that it is not the liquid which is alive, but the cells 
floating in that liquid, and these he regards as organisms. 

t IIjIkviy ; A nfllomicui BSMtcUatStini coneiming lln Gmtralion of Utirig 
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The reader must feel that the discussion of such a ques- 
tion cannot be brought to an issue, unless preceded by an 
■ccurate definition of the terms employed. What is meant 
by the blood being alive ? If it be meant that an organic 
structure, having a specific composition, and passing through 
a definite cycle of changes — such as Birth, Growth, Develop- 
ment, and Death, can truly be said to live, then blood, whicb 
manifests these eminent phenomena of life, must be pro- 
nounced to be alive. 

This, however, no one would think of denying. But if 
it be meant that blood has an independent vitality, unlike the 
vitality of any other tissue, a vitality which can be mani- 
fested apart from the organism, the opinion seems wholly 

' untenable. Blood is vital, and has vital properties ; but so 

I has every tissue of the body, and in no sense can we attrib- 

F Bte to it independent life. 

6. The liquid Plasma of the Blood. — Having touched 
upon the floating solids, we must now direct attention to the 
liquid in which they float. This is called the plasma, or 

1 Kquor of the blood — liquor sanffvinis. 

Although this plasma is perfectly liquid when in the 

I Vessels, yet no sooner does it pour from them, than there 
arates from it a sort of jelly, leaving behind a yellow 
fluid. This jelly-like mass is Fibrine ; the yellow fluid is 
the serwm. As the Fibrine separates, and becomes solid, it 

I entraps some of the red-discs in its meshes, and the two are 
flien named the clol. The process of becoming solid is 
MUed coagulation. 
The following figure copied from Virchow represents the 
Bpect of this coagulated Fibrine, m^^iified 280 times. At e 
flie discs may be observed entrapped in the meshes. The 
Fibrine itself takes the form of fine and broad fibres, as 
•een at a and b. 
The feet of coagulation has always been known ; indeed, 
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it could not have escaped ohacrvation, being the dmoat 
constant result of ex- 
*' posure of blood to the 

The blood of all 
vertebrate, and many 
j, invertebrate animals, 
I has this property ; but 
V having observed in sev- 
eral of the MoUusca 
that no coagulation 
FiBKiwR takes place, I propose, 

whenmy researches are 
tinisked, to draw up a list of all the animals which are thus 
excepted from the general law, hoping that these data will 
furnish some interesting reaulc. 

Although the fact was known to the ancients, it was only 
in the 17th century that this coagulation was discovered to 
be dependent on the solidification of a peculiar aubstance. 
Malpighi* washed the clot free from its discs, and found 
that the remaining substance was a mass of white fibres, 
Boreili, at the same epoch, declared this substance to be 
liquid in the blood, and that it coagulated spontaneously 
when the blood was drawn from the veins. Ruysch dis- 
covered that by whipping the blood, as it poured out, the 
whipping twigs were covered with a mass of white elastio 
filaments, exactly similar to that which was got in washing 
the clot free of its discs. 

This substance was named Fibrine by Fourcroy, and it 
was imiversally believed to be identical with the substance 
of muscular fibre. The idea tras too plausible not to be at 
once accepted. The formation of muscle-fibres from fibrine 
seemed the easiest thing in the world ; although really, 
when the idea comes to be closely examined, it is as wide a 
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departure from all that we know of the formation of muscle, 
s the notion of eating brains to get more brains, or drinking 
i milk to make milk. We now know that blood-fibrine ia not 
I ihe same substance its muscle-fibrine (which is called muscu- 
I Une, or lynlomn), and we know that muscles are not formed 
I hy this spontaneous coagulation. 

What fibrlne is, whence it comes, and what purpose it 

I eubserves, are questions upon which science is at present so 

I fitr from settled that I shall say nothing here about them.* 

There is one point, however, which must be noticed. It 

lias been universally held that the coagulation was simply 

the solidification of the liquid Fibrine. Kor can there bo 

any doubt but that the chief part is played by the Fibrine. 

Nevertheless, some observations of Claude Bernard tend to 

show that the blood entirely deprived of its fibrine can and 

Trill coagulate. He whipped out all the fibrine from some 

blood, and found that, even when it was impossible to get 

I toy more, the blood subsequently coagulated. He found, 

I sioreover, that the blood of the veins from the kidneys eon. 

Q fibrine, yet it coagulates. And he reminds us that 

increatic juice sometimes shows a kind of copulation which 

mnot be attributed to the fibrine. f 

While it thus seems aa if blood could coagulate without 

torine, it is known that blood will sometimes not coagulate 

jven when its fibrine may be assumed to be present. Thus 

Dr. Richardson, to whose valuable researches this question 

b greatly indebted, informs us that " MorgEtgni had described 

B blood as quite fluid after death in only four cases : all 

ese were cases in which death ensued from slow arrpst of 
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the respiration. Drs. Peters, Goldsmith, and Moaes, three 
American physieiana, have published a report on the appear' 
ance of the blood in 20 cases of death resulting from the 
excessive use of ardent spirits. In every cose the blood was 
fluid and dark, was of a cherry-juice appearance, and showed 
no tendency to coagulate. In deaths from narcotic poisons, 
from delirium tremens, typhoid fever, and yellow fever, the 
blood ia generally described as thin and uncoagulable. Dr. 
John Davy found the blood fluid and uncoagulable on espo- 
Buro in eases of drowning, hanging, suffocation from the titmea 
of burning charcoal, and effusion of blood into the pulmo- 
nary air-cells." * 

1 said that we might assume the fibrine of the blood to 
be present in these cases, although it is certainly allowable 
to assume that it may not ; but in the following curious 
example there can bo no doubt whatever that the fibrine is 
present. Dr. Richardson has observed, that not only is the 
blood drawn by a leech entirely uncoagulable, but that the 
bite of the leech seems to affect even the blood remaining 
in the bitten vessels ; since that blood continues to flow 
much longer fl-om the wound, than from a wound made by 
the lancet ; and this, he thinks, can only be because the 
wound ia not stopped up by the coagulation, 

7. Cauge of the Coagulation. — Why does the blood 
coagulate out of the vessels, and not iu them 1 The question 
has frequently been put, and answered in very contradictory 
terms. In the form ia which it is often put, it seems not less 
idle than to ask why roses have thorns, why the cohesion 
of Iron is greater than that of clay, or why stupid querists 
are not entertaining companions 1 Fibrine coagulates be- 
cauae it ia the property of fibrine to coi^ulatc, and would 
always do so spontaneously, were there not some obstacle 
present, We may study the conditions which assist, and 

' RiUHiiiuDs: Tkt Camt Iff Iha O^ataiathniifUe Kood,lSiS,p. 81. 



WHAT CAUSES COAGULATION? 211 

Che cooditioiis which arroHt this tendency, hut it is hopeless 
to inquire into the cause of the tendency. 

It is said that the blood would remain fluid were there 
■tto fibrine present ; but this fibrinc has a spontaneous ten- 
■Sency to coogulato, which can only he prevented by the 
'presence of some solvent. What ia that solved? The 
^researches of Dr. Eichardson satisfactorily establish some 
■joints which go very far towards a demonstration of the 
'true cause, namely, the presence of ammonia in the blood. 
He shows, in the first place, that ammonia does preserve the 
fluidity of the hlood, if it be present in quantities amount- 
ing to 1 in 8000 parts of blood containing 2.2 per thousand 
of fibrine. He shows, in the second place, that the blood 
does normally contain this volatile alkali, which is rapidly 
given off during coagulation. And he shows, moreover, that 
tile causes which retard coagulation are causes which ohslrucl 
fte giving out of ammonia, whereas the causes which favour 

giving out of ammonia hasten the process of coagulation. 
inally, he shows that if the vapour arising from blood bo 
Cftughl in a vessel, and then passed through another mass of 
blood, the coagulation of this second mass is suspended. 
The numerous and ingenious experiments by which Dr. 
Kchardson has established these important propositions 
ist be sought in his work, which gained the Astley Cooper 
ze. 

There still remain some difficulties, however, which are 

lot cleared up by this hypothesis : I refer especially to the 

a -which the blood does not coagulate in spite of ex- 

' posure to the air, and to several of those mentioned by 

BrOcke in the memoir previously cited. 

Brueke's hypothesis is, that contact with the living blood- 
ressels is the necessary condition which arrests the spon- 
taneona tendency to coagulation. The blood of a carp, he 
says, will remain uneoagulated for twenty-five hours in 
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contact with the walls of the blood-veaael ; but if a glaea 
tube bo inserted, so as to preserve the blood from contact 
with the walls, all th^ blood inside the tube coagulates just 
aa it would in the open air. This does not explain why the 
blood is incoagulable after death trom sufTocation, typhus 
fever, &c. In fact, we have as yet no demonstration of tbe 
cause sought, and must await the result of further researches, 
8, Chemical Composilion of the Blood. — Before conclud- 
ing our description of the blood, we must glano© at ita 
chemical composition ; for if the microscope reveals it to be 
far from a simple fluid, i-hemical analysis further assures us 
that it conlaius water, salts, sugars, fats, and albuiuinatca. 
In spite, however, of numberless analyses made with the 
greatest care, our present knowledge is only approximative — 
S rough estimate, and that is all ; the excessive difficulty of 
making an uuexceptiouable analysis being acknowledged by 
all who have attempted it. We know tolerably well what 
the eUmenlary composition is — that is to say, how many 
atoms of carbon, hydrogen, &o,, are included in every 1000 
parts ; but what the immediate composition is>— that is to 
say, in what forma those atoms exist in the blood — we do 
not know so well. The elementary composition of ox blood, 
when all its water ia removed, is as follows : — ,^_ 

Carbon, 519.50 ^| 

Hydrogen 71.70 ^| 

Nitrogen 150.70 ^| 

Oxygen, 213.90 ^H 

Ashes, 44.20 ^B 

1,000.00 

The following may be taken as the nearest approach tOA 
^ table of the substances which form the immediate comfoAm 
Lilon of every 1000 parts of human blood l — ^| 
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Water, 784.00 

Albumen, 70.00 



c^iu ( Globulin, . 
•^^ JHffimatiB, . 
" Cholesterine, 

Cerebrine, 

Seroline, 

Oleic and inargaric acid, 

Volatilo and odorous fattj 



Salts, 



2.20 

123.50 

7.50 



0.36 
0.20 
0.84 

0.28 



Chloride of potassium, . , 
Tribasic phosphate of soda, 
Carbonate of soda, 
Sulphate of soda, 
Phosphates of lime and mag- 
nesia, .... 
Oxide and phosphate of iron, 
Extract, salivary matter, urea, coloring 
matter of bile, accidental substances, . 



1,000.00 
'* In this table sugar is omitted, yet we know tiiat sugar, 
fa varying quantities, always exists in the blood quitting 
the liver, where it is formed from albuminous matters, and 
is also generally found in blood at other parts of the organ- 
ism ; but, because this sugar rapidly undergoes transfor- 
mati n into other substances, its amount cannot be esti- 
mated. 

All analyses of the Blood hitherto have been only rough 
estimates. In fact, the fluid itself is constantly changing. 
The following table, drawn up by Lehmann,* gives the re- 
sults of analyses of the solid red discs, and the fluid or liquor 
tanguinis, separately examined ; — 
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1000 parts Med Disks are composed 

Water, 

Solid remains, 

Specific weight, 

Haematin, .... 
Globulin and cell membrane, . 
Fat, ..... 
Extractive matters. 



Mineral substances, exclu 
Chlorine, 
Sulphuric acid, . 
Phosphoric acid. 
Potassium, . 
Sodium, . 
Oxygen, . 
Phosphate of lime. 
Phosphate of magnesia, 



ding iron,* 




of- 
688.00 
312.00 

1.0885 

16.75 

282.22 

2.31 

2.60 

8.12 

1.686 

0.066 

1.134 

3.328 

1.052 

0.667 

0.114 

0.073 



1000 parts Liquor Sanguinis < re composed q/*— 
Water, 902.00 



Solid remains, . 






97.10 


Specific weight, 






1.028 


Fibrin, 






4.05 


Albumen, 






78.84 


Fat, • 






1.72 


Extractive matters. 






3.94 


Mineral substances, 






8.55 


Chlorine, 






3.644 


Sulphuric acid, . 






0.115 


Phosphoric acid, 






0.191 


Potassium, . 






0.323 


* ^e Iron is reckoned with the hiematin. 
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Sodium, 3.341 

Oxygen, 0.403 

Phosphate of lime 0.311 

Phosphate of magnesia, . . 0.222 

But, granting that Chemistry liad succeeded in making a 
perfect analysis, we should still have to bear in mind that 
all the constituents vary in different individuals, and in 
different states of the same individual. The blood of no two 
men is precisely similar ; the blood of the aatoe man is not 
precisely similar in disease to what it was in health, or at 
different epochs of life. 

The iron which circulates in the veins of the embryo, is 
more abundant than the iron in the veins of the mother ; and 
this quantity declines after birth, to augment again at pu- 

The fats vary, in diffuront individuals, from 1.4 to 3.3 
in lOOO. 

The blood-cells vary with the varying health. 
The albumen fluctuates from 00 to 70 parts in 1000, the 
I proportion being greater during digestion. 

The fibrine, usually amounting to about 3 in a 1000, 
I may rise as high as 7^, or fiill aa low as 1, 

9. Arterial and Venoui Blood, — Such are the chief 
I points ascertained respecting the blood in general. We 
I must now call attention to the different Miidi of blood in the 
different parts of the circulation ; for although we speak of 
" the blood " as if it were always one and the same thing, 
it is, in truth, a system of various j^uids, a confluence of 
streams, each more or less differing from the other. 

The first grand division is familiar to all men — namely, 
that of venous and arlerial blood; the former being dark 
purple — "black blood," as it is called — the latter bright 
scarlet 
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To many it will seem that this is but a distinction of 
colour — a distinction so easily effaced, that no sootier does 
the dark blood come in contact with the atmosphere than it 
brightens into scarlet. The distinction of colour is, how- 
ever, the sign of an important difference. Between the two 
fluids a profound difference exists ; and yet the venous blood 
has only to pass through the lungs in an atmosphere not 
overcharged with carbonic acid, and at once it becomes trans- 
formed into a life-giving fluid. Wherefore 1 Analysis of 
the two detects but trifling variations in their solids, the 
most notable being the larger amount of red-discs and the 
smaller amount of fibrine in venous blood. But in their 
gases an important difference is detected. In both there are 
nitrogen, oxygen, carbonic acid, and ammonia, either free, 
or combined so feebly that they are easily disengaged. The 
quantity of nitrogen is much the same in both; that of am^ 
monia probably does not vary, hut the oxygen and carbonio 
acid vary considerably. Indeed, there is a notion current In 
popular works that venoua blood contains carbonio add, and 
arterial blood oxygen — Ihat being the difference between the 
two fluids. But the physiologist knows that both fluids eon- 
tain large amounts of both gases, the difference being only in 
the relative amounts contained in each. The cjcperiments 
of Mdgnus were for a long while held to be conclusive of 
the opinion that arterial blood contained absolutely mart 
carbonic acid than venous blood, although in relation to the 
amount of oxygen the an ou was ss ; that, in short, It 
contained more of both gases but he arger proportion of 
OKygen gave it its dist n on Re n investigations have 
considerably shaken this con lus n but they leave unaltered 
one result — namely, that arte a blood contains a large 
amount of carbonic acid, and a still larger amount of oxyg«i.* 
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Where does the oxygen come from 1 The atmosphere, ^M 

* Od Uio ^nullity of gus In the two bloods, too Brrnasd, 1. MT. ^H 
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Whore docs the carbonic acid come from ? We do not 
, know. The most gecerally aucepted hypothesis is, that the 
carbonic add comes from the oxidation of tissue. On this 
point, however, the evidence seems to me extremely defec- 
tive, but.aa I dare not venture here on the diacuasion, I will 
content myself with stating the received opinion, referring 
the student to Bernard's latest work for some grounds of 
doubt* This is the hypothesis ; The blood which flows Co 
-the tissues is scarlet, but in the capillaries it parts with some 
of its oxygen ; and aa it flows from the tissues it is dark, 
and will become scarlet again on its passage through the 
lungs. When we know that arterial blood contains carbonic 
acid as well as oxygen, the idea suggCita itself, that on part- 
ing with some of this oxygen it might assume the dark colour, 
owing simply to the carbonic acid retained ; but this idea is 
set aside by the fact that unless an exchange take place, no 
OxygcD will be liberated. The carbonic acid is said to be 
the product of the vital activity of the tissues, and as such 
is taken up by the bUiod in exchange for its oxygen ; for if 
.the nerves which supply a limb be cut, and vital activity be 
thus arrested, the current of blood will not be darkened ; 
precisely as it will not be brightened in its passage through 
tiie lungs, if there be a surplus of carbonic acid in the air. 
The experiments of Bruchf arc very instructive on this point. 
He found that blood saturated with oxygen became darker 
in vacuo, while blood saturated with carbonic acid did not 
change colour. 

What causes the change of cwlour when venous bloocl is 
submitted to oxygen ? Formerly it was held to be due to 
the iron in the discs ; but the iron may be removed without 
this removal affecting the phenomenon ; so that the opinion 

• Bhfahd : Liqvidtt d» TOeaantsme, 1. S8B-B4e ; mil cotdpuo Eonm ot 
TaMiWL r Traiti da Chimit Analum i^t, Li. 66 ft ag. 
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uow h(sld 18 that the change of colour is due solely to the J 
difference in the form of the discs, which become hrighter a 
they become more concave, and darker as the}' become more 1 
convex. Oxygen renders them concave, carbonic acid ren- I 
dera them convex. 

Arterial blood ia every where the same : it is one etn 
perpetually flowing off into smaller streams, but always iJie 
same fluid in its minutest rills as in its larger currents. 

Not so venous blood. That is a confluence of mamy cur- 
rents, each one bringing with it somothing from the soil ia 
which it arisi's ; the streams issuing out of the muscles 
bring substancea unlike those issuing out of the nervous 
centres ; the blood which hurries out of the inteatdiie con- 
tains substances unlike those which hurry out of the liver. 

Not only is venous blood different in different parts of 
the body, but it has even differences of colour : it is not al 
ways black, it is sometimes scarlet, without, however, ceas- 
ing to be venous. The discovery of this curious fact is due 
to Claude Bernard,* who found that, in the renal veins, dui!- 
ing the activilij of the kidney, the blood is always scarlelv 
and black during the repose of that organ. He has extended 
his observation to the submaxillary and parotid glands; 
and the conclusion he draws is this : while the venous blood 
from the active muscles is always black, the blood from the 
secreting glands, when active, is always scarlet ; and vice tw^it, 
the venous blood is scarlet in the muscles when they are 
perfectly quiet, and black in the glands when tbey are quiel. 
This leads Bernard to establish a distinction between the 
functional and mechanical activity of the glands : when the 
chemical process of forming the secretion is going on, he 
considers the gland to be in a state of fiinctional activity, 
and then its venous blood is black ; when the mechanical 
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process of pouring out that secretion ia going on, he con- 
Bidera the gland to be in a state of mechanical activity', and 
then the blood is scarlet. Although hia interesting experi- 
nienta open a new field of speculation, they are far from 
having satisfactorily established the cause of this change of 
colour. 

Disregarding these minor variations, we may still keep 
to the broad distinction of scarlet and black, as characteristic 
of arterial and venous blood. But these variations help us 
to conceive how, while arterial blood ia everywhere the 
■arae, venous blood ia evorywhej-e fluctuating in its oomposi- 
tjon, according to the organs from which it comes. 

Wondroualy does the complex machine work its many 
purposes : the roaring loom of Life is never for a moment 
atUl, weaving and weaving, 

" Gelmrt und Grrab, 

Ein ewigPB Meer, 

Ein wecisplnd Weben, 

Ein gliihend Leben."" 

It is difficult for us to realise to ourselves the fact of this 
'Iflcessant torrent of confluent streams coursing through every 
part of our bodies, carrying fi-esh fuel to feed the mighty 
'fliuae of life, and removing all the ashes which the flame has 
left. Sudden agitation, setting the heart into more impetu- 
ous movement, may make «a aware tliat it is throbbing 
ceaselessly ; or we may feel it beating when the hand is ac- 
ddentally resting on it during the ualm hours of repose ; hut 
even then, when the fact of the heart's beating obtrudes itself 
on consciousness, we do not mentally pursue the current as 
ft quits the heart to distribute itself to the remotest part of 
the body, and thence to return once more — we do not follow 
its devious paths, and think of alt the mysterious actions 
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which attend its course. If for a moment we couli 
the bodily eye see into the frame of man, as with the micro- 
scope we see into the transparent frame of some simpler 
animals, what a spectacle would be unveiled ! Through one 
comples system of vessels wo should sec a leaping torrent 
of blood, carried into the depths and over the surfaces of all 
the organs, with amazing rapidity, and carried from the 
depths and surfaces through auother system of vessels, back 
again to the heart ; yet in spite of the countless channels 
and the crowded complexity of the tissues, nowhere should 
we detect any confusion, nowhere any failure. Such a 
spectacle as this is unveiled to the mental eye alone, and we 
cannot contemplate it, even in thought, without a thrill, 

10, The Quantity of Blood. — It is a natural question^ 
and often asked, but difficult to answer. What quantity 
blood circulates every minute in our bodies? 

Anything like an accurate answer to this question is 
dered impossible by the fact overlooked by most physiolo- 
gists, or unknown to them, that the biood necessarily varUt 
in quantity every hour, I was surprised to find striking 
diiierences in tJie amount of blood which flowed from two 
decapitated Tritons oi, as nearly as possible, the same size ; 
but on proceeduig to open them, I found the one animal was 
in a state of active digestion, whereas the other had not 
eaten for a long while. Since this note was made, Claude 
Bernard has published his experiments on rabbits and dogs, 
upon which he founds the startling opinion that the blood of 
the same animal may, during digestion, amount to double 
the quantity during fasting ; * for he finds that from a rab- 
bit, during digestion, he can remove 30 grammes of blood 
without killing it ; whereas the same rabbit fasting, is killed 
by the removal of 15 grammes. The knowledge of this fiiot 
iril! be very important to surgeons about 
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operation which entails considerable loss of blood. ; and it 
points also to the eminent advantage there would be in giv' 
ing soldiers a hearty meal before battle. 

We thus perceive that no estimate can pretend to be 
very accurate; nor need we notice those which earlier 
writ«rB have given ; only those of Lehmann, Weber, and 
Bischoff now command general attention. Lehmann saya 
that his friend Weber aided him in determining the quantity 
of blood in two decapitated criminals. The quantity whic^ 
escaped was thus estimated : Water was injected into the 
vessels of the trunk and head, until the fluid, escaping from 
the veins, had only a pale red or yellow colour. The quan- 
tity of blood remaining in the body was then calculated by 
instituting a comparison between the solid residue of this 
pale red aqueous fluid and that of the blood which first es- 
c^ed. The living body of one of the criminals weighed 
60tJ40 grammes,* after decapitation 54.600 grammes, conse- 
quently 5.540 grammes of blood had escaped ; 38.560 
grammes of this blood yielded 5.36 of solid residue; 60.5 
grammeaof sanguineous water, collected after the injection, 
yielded 3.724 of solid substances. There were collected 
6050 grammes of the sanguineous water that returned from 
the veins, and these contained 37.24 of solid residue, which 
corresponds to 1.980 grammca of blood. The estimate, 
therefore, turns out as follows : 5.540 grammes escaped after 
decapitation, and 1.980 remained in tho body, thus making 
7.520 grammes ; in other words, the weight of the whole 
blood was to that of the body nearly in the ratio of 1 to 8. 

It is obvious from the account of the experiment that 
only an approximation could be arrived at. And Bischors 
more recent investigations on the body of a criminal, care- 
fully weighed before and after decapitation, lead to the con- 
clusion that the blood amounted to 9^ lb., or exaclli/ one- 

* A Gramme li Himeirlut mom tlivi 19 erai«*. 
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fourteenth of She whole bodi/.* This nearly oorrespoi 
with hia former investigations, which gave the weight as 
one-thirteenth of the whole body. 

If we say ten pounds for an adult healthy man, we ahitll 
probahly be aa near the mark as possible. The quantity, 
however, necessarily varies in different pei^ona, as well as 
in different conditions, and seems from some calculations to 
be greater in women than in men. In the Seal its quantity 
is enormous, surpassing that of all other animals, man in- 
eluded. 

11. Blood-letlinff. — In former days, blood-letting waa 
one of the " heroic arms " of medical practice ; and it is 
sometimes almost appalling to read of the esiploite of practi- 
tioners. Ilaller mentions the case of a hysterical woman 
who was bled one thousand and twenty times in the space 
of nineteen years; and a girl at Pisa is said to have been 
bled once a day, or once every other day, during several 
years. A third case he mentions of a young man who lost 
seventy-five pounds of blood in ten days ; so that if we 
reckon ten pounds as the utmost which the body contains 
at any given period, it is clear that this young man's loss 
must have been repaired almost immediately. In truth, the 
blood is incessantly being abstracted and replaced during 
the ordinary processes of life. Were it not continually re- 
newed, it would soon vanish altogether, like water disap- 
pearing in sand. The hungry tissues momently snatch at 
its materials, as it hurries through them, and the active aV 
sorbents momently pour fresh materials into it. 

12. Transfusion. — In contemplating the loss of blood 
from wounds or hemorrhage, and in noting how tho vital 
powers ebb as the blood flows out, we are naturally led to 

hlaUoDiolrln BmsOLDa-EiiLum: Ze<l<c*ii/t,li.Ta Enmnuni 
Migu. eHliaa it eeptrinunlalet dt tansitini <2T<inHlalt, ilioaniTmtaKiinO- 
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ask whether tho peril may not be avoided by pouring in 
fresh blood. 

The idea of irans/uaion is indeed very ancient. But the 
ancients, in apite of their facile credulity as to the effect of 
■ny physiological esperiments, were in no condition to make 
the experiment. They were too unacquainted with phyato- 
Ivgy, and with the art of experiment, to know how to set 
about transfiision. Not until the naiddle of the seventeenth 
century had a preparation been made for such a trial. The 
experiments of Boyle, Graaf, and Fracassati, on the injection 
IS substances into the veins of animals, were crowned 
by those of Lower, who, in 1665, injected blood into the 

Two years later a bolder attempt was made on man. A 
French mathematiciim, Denis, assisted by a surgeon, having 
repeated with suceess the experiments of Lower, resolved to 
extend the new idea. It was ditfieulttu get a human patient 
on whom tho plan could be tried ; but one evening a mad- 
man arrived in Paris, quite naked, and he was daringly 
seized by Denis as tho fitting subjetjt for the new experi- 
ment. Eight ouneea of calf's blood were transfiised into 
his veins. That night he slept well. The experiment was 
repeated on the succeeding day ; he slept quietly, and awoke 

Great was the sensation produced by this success. 

Lower and King were emboldened to repeat it in Loudon, 

They found a healthy man willing to have some blood drawn 

from him, and replaced by that of a sheep. Ho felt the 

\ warm stream pouring in, and declared it was so pleasant that 

' they might repeat tho experiment. 

The tidings flew over Europe. In Italy and Germany 
I the plan was repeated, and it now seemed as if transfusion 
f would become one more of the " heroic arms " of medicine, 
k These hopes were soon dashed. The patient on whom Denis 
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had operated again went mad, was again treated with trans- 
fusiun, and died during the operation. The son of the Swed- 
ish minister, who had heen benefited by one transfusion, 
perished after a second. A third death was assigned to a 
similar cause ; and m April 1G68 the Parliament of Paris 
made it criminal to attempt transfusion, except with the con- 
sent of the Faculty of Paris. Thus the whole thing fell into 
discredit, to be revived again in our own day, and to be 
placed at last on a acientific basis. 

It ocourred to Majendie that the ill-success of the experi- 
ments arose Irom the supposition that the blood of all quad- 
rupeds was the same, and that it was inditferent whetlier a 
man received the blood of another man, or of a sheep or 
calf. This supposition he thought altogether erroneous, 
His opinion was, that only the blood of animals of the 
same species can be transtiised in large quantity without 
latfll resulta. The blood of a horse is poison in the veins of 
a dog ; the blood of a sheep is poison in the veins of a cat; 
but the blood of a horae will revive the fainting ass. From 
this it foUowed, he thought, that when transfusing is prac- 
tised on human beings, human blood must be employed ; and 
90 employed, the practice is in some urgent cases not only safe, 
but forms the sole remedy. But the recent investigationB of 
Brown-S6quord have proved that transfusion is successful 
with the blood of different species. Blundell has the glory of 
having revived and vindicated the practice of transfusion,* and 
he has scon his idea amply confirmed. B6rard cites fifteen dis- 
tinct cases of hemorrhage in which transfusion has saved life. f 

So startling and so important is this success of Transfu- 
sion, that it b very necessary wo should distinctly un- 
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deratand in what cases it may with advantage be employed. 
And these cases are very simple, since it ia only when thwe 
has been a dangerous loaa of blood that any benefit can ac- 
crue from transfusion. In all cases of disease it is useless, 
or worse. The ancients, indeed, thought that by infusing 
new blood into an old and failing orgacism, new life would 
be infused ; and wild dreams of a sort of temporal immor- 
tality were entertained. Completely as these notions are 
banished, the initial error of supposing that the blood /orme 
the organs — and that if blood be purified the organs will 
be restored to health and vigour — this error is still general, 
even amoiig men of science. It rests on a misconception of 
the laws of Nutrition.* Because the organs are nourished 
by materials drawn from the blood, and because, unless 
blood be duly supplied, the oi^ans will decay, it has been 
supposed that the point of departure of Nutrition was in the 
blood itself, and that the blood formed the organs. It is not 
so. The organs are, many of them at least, in esistence 
before blood appears ;f and even afterwards the process of 
Nutrition always consists in the assimilation of certain ma- 
terials from the blood by the organs ; not in the organisa- 
tion of this blood itself. In vain will you carry generous 
food to a aick stomach'— it cannot digest the food ; in vain 
will you carry young blood to old organs — 'they cannot 
draw their youth from it. The blood is always young, for 

I it is always being renewed. The organs get daily older, 
Bud different. Between the blood of an infant, and the blood 
bio 
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of a patriarch, no appreciable difference can be found ; 
how great is the difference between their organs ! That 
which is true of old age, is likewise true of disease. The 
tissue which is in an unhealthy condition cannot be made 
healthy by bringing to it a " purer " blood (were such obtain- 
able) ; it can only be brought back to ifa healthy condition 
by the cessation of those causes which keep up the morbid 
action, and these are not in the blood.* 

13. WTiich are Ike Vivifying Elements PSeeiag ih&t 
blood has a power of reanimating the failing body, it is na- 
tural we should inquire to which element of the blood this 
is due — to the cells, or the plasma 1 We know that it is 
only necessary to withdraw blood from a part, or prevent 
its access by a ligature round the arteries, mid the part grad- 
uaUy loses all its vital properties ; but even after the rigour 
of the muscles announces death, we havp only to readmit 
the blood by removing the ligature, and the vitality will be 
restored. 

Unless the circulation be maintained in the nerves, their 
power almost instantaneously disappears ; which proves 
that in the nerves the chemical changes must be very rapid. 
Swammerdamm, and others since, have shown this by the ex- 
periment of tying the aorta ; immediately the circulation is 
interrupted, the power of voluntary movement disappears. 
This is only true, however, of warm-blooded animals. Frogs 
may have the aorta tied, and still possess the power of hop- 
ping about for some hours. They will even do this for as 
hour, when the heart and all the viscera are taken away, ac- 
cording to Stilling.f Schiff thinks that they do this i 
virtue of the remnant of stored-up force retained i 
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nerves, and the remnant of blood still retained in the parts.* 
The difierenee between frogs and warm-blooded animals in 
this reapeot, seems to me solely referable to the difference 
in the normal rapidity of their nutritive changes. The 
■warm-blooded animal " lives fast," and unless fresh blood be 
Oiinstantly present to supply the waste, the vital changes 
rapidly cea^e. The frog can live for months without f(X»d, 
which shows that its nutritive changes are comparatively 

- slow. It will therefore require a much longer time before 
the interruption of the circulation in a frog will interrupt all 
manifestation of vitality, than in the case of a warm-blooded 
animal. 

Every one knows how loss of blood causes man to faint ; 
BUd how cheeking the action of hia heart instantly produces 
nnoonaeiousneas. Our nervous centres demand incessant 
supply. 

Blood, as we said at starting, ia the river of life, and 
where it ceases to flow, all organic action soon vanishes 
But blood ia composed of two things — the plasma and the 
ceils, or discs. And we return to the question : Which of 
these is the vivifying element 1 It has been ascertained that 
the plasma of the blood, deprived of its cells, and fibrine, 
s no reanimating power when injected, being in fact not 

I more effective than so much warm water. It has also been 

[ ascertained that blood, deprived of its fibrine only, produces 
same eSect as pure blood ; whereby it appears that as 
neither t e plasma nor the fibrine possesses the vivifying 
power, that power must belong to the cells. This is a great 
gtep gained, but the restless spirit of inquiry cannot content 

' Heelf with such a gain, and it asks. What gives to the blood- 
cella this specific power t Let us see the answer that can be 

, Blade o such a question. 

We know that the cells (disca and corpuscles) carry the 
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oxygen, either in slight combinations, or free, as in vesioleC 
We know this, because we find that the blood-plasma is u 
able to absorb much more than one per cent, of its voluiQ 
of oxygen, whereas the blood containing cells absorbs fi 
ten to thirteen, times that amount. The change of ooloi 
exhibited by the discs as thoy take up or give out oxyge 
and the fact that, if they are placed in a vess 
air, they absorb oxygen from that air, whereas the plasni] 
does nothing of the kind, are proofs of the ci 
transporters of oxygon. , 

But this IB not all. The experiments of M. Brown-S 
quard seem to establish the important fai-t that it is to tl 
oxygen carried by these iieUa that we must attribute tbs 
nutritive agency, and to the carbonic acid carried by 1 
that we must attribute their Uimulaling agency,* 

Blood has two ofiices : it fiirnishes the tissues with tl 
food, and it stimulates them into activity. Unless the tiv'' 
sues be endowed with certain vital properties, they cannot 
be stimulated into activity ; and when stimulated, this ac- 
tivity brings about a destFuctiou, which must be repaired. 
If stimulus be applied without equivalent nutrition, the force 
is soon exhausted. This double office the blood performs, 
according to M. B row n-Se quard, chiefly through the oxyg^i 
OS the agent of nuCrilion, and of carbonic acid, as the offw 
of excitation. 

Without accepting his conclusions in all their absolute 
ness, we may accept thus much of them, for we see \ 
operating on dead animals, or dead parts of animals, l 
means of venoug blood charged with osygeo, and pre 
cing therewith precisely the same effects as with t 
blood; and we see him showing that arterial blood, chfti^ 
with carbonicacid, acts precisely as venous blood. The o 
Bsiott, therefore, is obvious, that the vivifying c 
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between the two fluids ia simply owing to the difference in 
their amimnts of oxygen. 

lie taJtes the blood from a dc^a vein, and the blood 
from its artery, whips both till the fibrine be extracted, and 
till both have become equally scarlet from the absorption 
of oxygen. He then iujects one of these fluids into the right 
thigh artery of a dead rabbit, in whieh the rigidity of death 
has set in for tea miuutea, and the other fluid into the left 
thigh artery. The reault is precisely similar in both limbs, 
namely, in about five minutes both recover their muscular 
irritability, which they both retain for twenty minutes. 
Repeating this experiment with blood drawn from veiu and 
artery, but charged with carbonic acid instead of oxygen, he 
finds a similar result as to the exciting power. 

Having thus made clear to himself that, as respects nu- 
trition and excitation, there is no other difference between 
arterial and venous blood than is assignable to their differ- 
ences in the amount of oxygen and carbonic acid contained 
in each ; that venous blood, charged with oxygen, acts pre- 
cisely aa arterial blood ; and that arterial blood, charged 
with carbonic acid, acts precisely aa venous blood, M. Brown- 
S6quard proceeds with his demonstration, that unless the 
blood be highly oxygenated it liaa no power of nourishing the 
tissues ; and unless it be highly carbonised, it has no power 
P of stimulating them. 

We cannot here afford sufficient space to give any ac- 
€»unt of the experimonta by which these conclusions are 
reached, and must refer the curious reader to the memoir 
itself.* But as the idea of the stimulating power of the 
blood residing chiefly in the carbonic acid, will be novel and 
L otartling to most physiological readers, it may be usefiil to 
mention one of the experiments. A rabbit was sufKicated ; 

1, as usual in auch cases, the intestine exhibited very 
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po-werfiil disorderly movemeats. Into a ooil of this agitated 
int-'i-tine he injected some venoug blood highly oxygenated^ 
Immediately the movement ceased. He then injected arte- 
rial blood highly car&oniied, and the movements were at 
once resumed. Again he injected oxygenated blood, and 
again the movements ceased, to appear on the second injec- 
tion of carbonised blood. " It is possible," he says, " to 
produce two conditions of the organism essentially different, 
one of which consists in the presence of a greater amount 
of oxygen than usual, both in the venous and in the arterial 
blood, the other of which consists in the presence of an ez- 
cesB of carbonic acid in both fluids. In the first of these 
oonditiona, life ceases in spite of the extreme energy of ths 
vital properties, simply because the stimulating power of the 
blood is insufficient. In the other of these conditions, the 
stimulating power being excessive, causes an activity wMoh 
ia soon spent, because it cannot be reproduced." 

Even should we accept to the full the ingenious hypo- 
thesis just propounded, we must guard against an esaggera- 
tioa of its applicatiun. Oxygen may be the one chief 
eondition for that exchaoge between the blood and tha 
tissues which constitutes Nutrition, and without a due 
supply of oxygen Nutrition may be brought to a atand- 
atill ; but we shall greatly err if wo suppose that oxidsr 
tion is itself the process of Nutrition, or that the cells 
are the sole agents. The albumen, the fats, and the salts 
which the tissues draw from the blood, are not drawn 
from the cells, but from the plasma. It is, therefore, 
quite possible, indeed M. S6(juard's experiments render it 
eminently probable, that the blood-cells, by their oxygen, 
furnish the indispensable condition of Nutrition, the material 
being furnished by the blood-plasma. It is also probable 
that the cells, by their carbonic acid, furnish the condition of 
muscular excitement ; so that arterial blood, when contua* 
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ing more than its usual amount of carbonic acid, causes an 
excess of the stimulating over the repairing processes. This 
may account for the greater cerebral excitement succeeded 
\>y languor, consequent on exposure to the vitiated atmos- 
phere of a theatre, a ball-room, or a lecture-room. 

14. Relation of Blood lo Nutrition. — Such is the won- 
drous fluid we name Blood, and such its properties, as far 
as Science hitherto has learned them. Before quitting our 
survey, it will be desirable to say a few words respecting 
the relation which blood bears to Nutrition, since that rela- 
tion is not generally understood. 

Every one knows that all the tissues are nourished by 
the blood. But in what way is this effected ? Blood, in 
itself, is perfectly incapable of nourishing the tissues — so 
nicapable that, if it be poured on them from the rupture of 
a vessel, it hinders nutrition, and acts like a foreign sub- 
stance. Accordingly, we see it rigorously excluded from 
them, shut up in a system of closed vessels; but as it rushes 
along these vessels, certain of itx elements ooie through the 
delicate walls of the vessels, and iurnish a plasma from lekich 
the tismeg are elaborated. In exchange, certain products of 
waste are taken up by the blood, and carried to the organs 
of excretion. 

An image may render the process memorable. The 
body is like a city intersected by a vast network of canals, 
su(^ as Venice or Amsterdam ; these canals are laden with 
baiges which carry to each house tlie meat, vegetables, and 
groceries needed for daily use ; and while the food, is thus 
presented at each door, the canal receives all the sewage of 
the houses. One house will take one kind of meat, and 
another house another kind, while a third will let the meat 
pass, and take only vegetables. But as the original stock 
of food was limited, it is obvious that the demands of each 
house necessarily affect the supplies of the others. This is 
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vhst occurs in Nutrition : the muscles demand one set of 
principles, the nerves a accond, the bottca a third, and each 
will draw from the blood those which it needs, allowing the 
others for which it has no need to pass on. 

This leads us to notice a. luminous conception, attribut«d 
by Mr. Pj^et to Treviranus, but really due to Caspar Fried- 
rich ^Volff, whose doctrine of epigenesis reposes on it ; * 
namely, that " each single part of the body, in respect of 
its nutrition, stands to the wliole body in the relation of mi 
excreting organ." Mr. Paget has illustrated this idea wifli 
his accustomed felicity. f Every part of the body taking 
from the blood those substances which it needs, acts as an 
excretory organ, inasmuch as it removes that which, if 
retained, would be injurious to the nutrition of the rest of 
the body. Thus tiie polypes excrete large quantities of 
calcareous and silicioua earths : in the polypes, which have 
no atony skeleton, these earths are absolutely and utterly 
excreted; but in those which have s> skeleton, they are, though 
retained within the body, yet as truly escreted from the 
nutritive fluid and the other parts as if thr.y had been thrown 
d wa.hed away. In the same manner, our bones 
t th phosphates from our blood. The hair in its 
ta t s? wth not only serves it-s purposes as hair, but 
al as ce of removal from the blood of the various 

■o tt t hich form hair. "And this excretion office 
ppeara mo instances to be the only one by which the 

hair serves the purpose of the individuals ; as, for example, 
in Ae foetus. Thus in the fcetus of the seals, that take tin 
water as soon as they are born, and, I believe, in thoee of 
many other mammals, though removed from all those con- 
ditions against which hair protects, yet a perfect coat of 
hair is formed within the uterus, and before, or very shortly 
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after birth, this ia shed, and ia replaced by another ii>at of 
wboHy different colour, the growth of which began within 
the uterus. Surely in theae cases it is only as an excretion, 
or chiefly as suoh, that this first growth of hair serves to the 
advantage of the individual." 

Mr. Paget also applies this principle to the explanation 
of the rudimental hair which exista all over our bodies, and 
to that of many other rudimental organs, which aubaorve 
no function whatever. He alao, without apparently being 
aware of Wolff's ideas on this point, apjilies it to the ex- 
planation of the embryonic phases, " For if it be influential 
when all the organs are fully formed," he says, " and are 
only growing or maintaining themselves, much more will it 
be so when the several organs are successively forming. 
At this time, as each nascent organ takes from the nutritive 
material its appropriate conatitucnts, it will co-operate with 
the gradual self-development of the blood, to induce in it 
I tliat condition which is essential, or most favourable, to the 
■ fermation of the organs next in order to be developed." 

This principle further enables us to understand how the 
existence of certain materials in the blood may determine 
the formation of structures in which tiieao materials are to 
be incorporated, and it enables us to understand tho " con- 
I atitutional disturbance," or general state of ill health, which 
) Irom some local disturbance, such as a cold in the 
head ; for, " if each part, in its normal nutrition, is an ex- 
creting organ to the rest, then cessation or perversion cf 
nutrition in one, must, through definite changes in the blood, 
aSect the nutrition of the rest." 

How evidently the special condition of the organism 

determines tho growth or decrease of certain organs, may 

best ba seen in the sudden development of the beard and 

^L^e voice at the period of puberty. Birds in the pairing 

^B*eason acquire their most brilliant plumage, and express 
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tlip tiiniuh of thftir emotions in perpetual song. Stags at 
the same epoch develop their antlers, and make the forest 
ring with their hoarse harking. Mr, Paget justly says — 
" Where two or more organs are thus maaifestly counecteJ 
in uutrition, anil not connected in the exercise of any external 
office, thoir connection is because each of them is partly 
form«>d of material left in the blood on the formation of the 
other." * 

Does not this throw a new light upon the blood 1 and 
do you not therein cat«h a glimpse of many processes before 
entirely obscure t It assures us that the blood is not 
" flowing flesh "^~la chair covlante — as Bordeu called it, to 
the great delight of his successors ; nor is it even liquid 
food. It is an organic struetnre, incessantly passing through 
changes, which changes are the conditions of all development 
and activity. Food and Drink become subjected to a com- 
plicated series of digestive processes. The liquid product 
of Digestion is carried into the blood-stream, undergoing 
various changes in its route. It is now blood ; but other 
ehangea supervene before this blood is fitted for the nourisb- 
mont of the tissues ; and then certain elements pass fraai i 
it, through the walls of the capillaries, to bo (ioally assimil' I 
ated by the tissues. In the simpler animals, the liquid prod^ J 
net of digestion is itself the immediate agent of Nutritioo,' ] 
and does not pass through the intermediate stage of blood.' < 
It escapes from the digestive canal into the general eubstanos I 
of the body, which it pemiefltes and nourishes much in ths J 
way that the blood-plasma nourishes the substance of t 
more complex animals. But in the simplest animals there ] 
is not even this approach to blood. There is no liquid prod- I 
net of digestion, for there is no digestion at all, the water j 
in which these animals live carrying organic matter in solu- 
tion ; iliis permeates the substance, and is assimilated : thua 
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does the water plaj the part of blood, carrying the food, and 
eajrying away the waste. 

Let the~ speculative mtnd traverse the marvellous scale 
of created beings upwards, from the sitnplest to the most 
complex, and it will observe that Assimilatjon first takes 
place by means of the direct relation of the organism to the 
surrounding medium ; next arrives the interposition of 
agencies which prepare the food for the higher effects it has 
to produce ; and instead of relying on organic substances in 
solution, the organism is seen extracting nutriment from 
other organisms ; finally ia seen the operation of still more 
complicated agencies, which impress on the digested food 
rtill higher characters, converting it into blood. This blood 
is retained in a system of vessels everywhere dosed. Yet, 
in spite of the absence of orifices or pores, it is distributed 
impartially to the most distant parts of the oi^anism, and 
it is distributed according to the momentary requirements 
of each part, so that when an organ is called upon to put 
forth increased energy, there is olways an increase of food 
Bent to supply that energy. If the stomach has been quiet 
for hours while the brain has been active, the regulating 
power of the circulation has adapted the supply of blood to 
each organ ; and no sooner will the stomach be called upon 
to exert itself, than an abundant supply of biood will 
instantly be directed to it. This simple and beautiful feet 
in the animal economy should warn men against the vicious 
habit of studying at, or shortly after, nieals, or of tasking 
the brain when the stomach is also tasked. 
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Did Harvey discover the circulation of the blood "i To 
many, the question will sound like an impertinence. To 
those who have critically examined the historical evidence 
the question wears another aspect, and their answer wilt nm 
somewhat thus ; Harvey did, and he did nol, make the dia- 
covery ; he made a very great discovery, which has given ftB 
imperishable glory Co hia name, but it was not precisely that 
which ia popularly attributed to him. In endeavouring to 
mark clearly out that which he discovered, and that which 
he did not discover, no attempt will be made hero to diminish 
the fame England is justly proud of, by ransacking the 
archives of science to detect stray passages of 
vagueness, wherein older authors may have indicated 
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f thing like the truths which Harvey established on the firm 
experimeDt and reasoning. Erudite prejudice has 
[ doDB its worst in this direction, Bad its worst has only set 
I Harvey's merits in a clearer light. 

Harvey discovered the /act of the circulation ; but he 

kdid not discover the courts of the circulation, nor the eau-tes 

r 6f the circulation. He knew that the blood was carried 

from the heart through the arteries to the tissues, and from 

the tissues, through the veins and lungs, back again to the 

place whence it started. But he knew not kote the blood 

passed from arteries to veins ; he knew not wAy the blood 

I thus moved. In our day Science is in possession of the 

I exact course of the circulation, hut the exact eatues are still 

I ^der question. We know that the circulating system con- 

I tisls of heart, arleriet, veins, eapillarieg, and lympkatice. 

I Harvey knew not the capillaries and lymphatics; so that 

! knowledge of the course taken by the blood was neeea- 

I -aarily incomplete. 

To put the reader in possession ' 

l.«f what is now known on this sub- 
■ ject, and to enable an estimate to be c 
\ formed of what Harvey discovered, 
J:Ve will first take a rapid view of ^_ / 
I tiie circulation. 

The following diagram will c( 
►♦ey a general conception of the com 
I cf the circulation : — 

The reader will understand that 
l-ttis figure is a diagram,Ti.Qt npictart ; 
Lft represents, in an ideal manner, 
e relation of the various parts of 
e eirculating system to each other, 
Eand shows how a circle is formed 
m%y_ the blood starting from the 




riffhl aurich. A, of tlie heart, and passing thence into the 
right ventricle, B ; from this again it is driven by a atrong 
contraction of the palmonary artery, C, into the lungs ; from 
the lungs it is carried by the pttlmonari/ veins, D, back to 
the left auricU, E, of the heart, and from that to the le/f 
ventricle, F, whence it is poured into the arteries, and pi 
from these through the capillariet (described in our last 
chapter, p. 196, and represented by dotted lines in fig, 11) 
into the veins, and thus is once more carried back to the 

Such 19 the diagram, or theoretic view, of the circulation. 
But leat the reader should be misled hy this, which is in- 
tended to simplify the conception, I will now give a repre- 
sentation of a part of the actual disposition of the circulating 
apparatus, which he can complete by the aid of the theoretic 
diagram. 

The heart is composed of four cavities, two auritlea 
antechambers, and two ventricles or chambers. Into the 
right auricle (o) the blood enters by means of the (wo great 
trunk veins, the superior and inferior vente eavte (c and e). 
After passing thence into the right ventricle {d) it is driven 
by the pulmonary artery (P) into the lungs. This vessel ia 
called an art*ry although it contains venous blood; for 
vessels do not receive their names from the nature of the 
blood they carry, but from the nature of their office : those 
which carry blood to the heart are called veins, those which 
carry it from the heart are called arteries. 

In the lungs (LL) the blood comes in contact with the 
oxygen of the atmospheric air, admitted to the air-oella of 
the lungs through the windpipe, or trachea (T) which 
branches oif, and ramifies through the lungs as bronvhu^ 
tithes. The action of the oxygen changes the blood ironi 
venous into arterial. 

The blood now returns from the lungs by the pulmonary 
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»s (p p') and enters the lift auricle (o), whpDc:' it passi>8 
into the left ventricle (y). It is then Urnen into tlic art^r- 




I iea, through the great arterial trunk, the aorla (A), and is 
I by them distributed to the various taasues. 

The arterial blood having served its purpose, and having 
F yielded some of its mater' als U> the tissues through which it 
l^wed, has now to return once more to the heart, to be re- 
■■JBTigorated by passing through the lungs. In the diagram 
*■ this return effected by means of the veins. But there 
Is another system of vessels, different from veins and capil- 
laries, of which no notice is taken in the diagram. This is 
the Lymphatic system. 



J 
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The Lyniphfttics, like the roots of plants absorbing 
triment from the earth, absorb lymph from the various 
gana in which they are distributed, as we shall loam more 
particularly hereafter. These lymphatics pour their oon- 
tents into the venous current, which thus becomes a conflu' 
enoe of streams, all flowing towards the heart. 

Thia is the circuit taken by the blood, from the right 
auricle of the heart back again to that starting point. 

1°, Sronr of the Discovkrv. — The story of this dis- 
covery is one of the most interesting and instructivo in the 
whole range of science, and it has recently been ro-written 
ty M, Flourens in a very agreeable style.* He declares 
that before him no one had accurately narrated it. In some 
sense this is true ; but there are important omissions in his 
own account ; and while aviuling myself of his labours, I 
shall endeavour to complete them. It is a story whose 
episodes extend over not less than seventeen centuries ; anci 
the two centuries that have elapsed since the discovery, havo 
not sufficed entirely to complete it. Seventeen centuries is 
a vast span of time for tlie elaboration of tlie discovery of a 
fact which, now we know it, seems so obvious that the mar- 
vel is why it was ever unknown ; and the moral of the story 
lies precisely there, teaching, as it does, the remarkable ser- 
vility of the mind in the presence of established opinions, 
and the difficulty which is feit, even by eminent men, in aee> 
ing plain facts, when their eyes are hoodwinked by precxtn* 
ceived notions. To those who are unfamiliar with tha 
practical investigation of science, it seems singular that 
ors, so baseless that they vanish immediately they Arc 
challenged, should continue to find believers : and to mea 
who have never trained themselves in the difficult and deU* 
cate art of Observation, it seems singular that facts, ex- 

Fludunb : Siiloire de la Diiximerrt de la Circulalion du Saxff, 1S5I. 
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tremdj simple ■when observed, should continue to be over- 
looked. But the tr«th is, observers are at all times rare, 
because new observation requires singular independence of 
mind ; and, unhappily, those who never made an obaervation 
themselves, are always ready to dispute the accuracy of new 
observations made by others. 

1. Three errors vjhieh masked the truth. — In the ease now 
before us there were three capital errors, which for seventeen 
centuries masked the fact of circulatioc ; and the reader will 
probably learn with surprise what these errors were. 

The first error was, the belief that the arteries did not 
contain blood. 

The second error was, the belief that the two chambers 
of the heart communicated with each other by means of 
holes in the partition dividing them. 

The tliird error was the belief that the veins carried the 
iilood to the various parte of the body. 

How wua it possible that errors so flagrant aa these could 
iiave maintained their ground a single day after men began 
seriously to examine the subject ? It was obvious that air 
entered the body, and entered it by the trachea, or windpipe. 
The conclusion was natural in the early days of science, that 
the air, thus entering by the trachea and bronchial vessels, 
should continue its course through other vessels. Wben the 
arteries of a dead body were examined, they were found 
empty, and consequently the arteries were chosen as the 
veritable air-channels ; hence their name (" air containers," 
from iijp and njptoj). 

What, then, becomes of the air inspired 1 Galen said it- 
ffid not enter the parts of the body, but was thrown out 
dgain after performing its oflice, that office being to cool the 
I' blood. If you open an artery, said Galen, blood will issue 
but not air : whence the conclusion seems inevitable, that 
the arteries do not contain dr, and do contain blood. Mod* 
II 
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p-rn science hna proved that atmoapheric air is not contained 
in the arteries hut only its oxygen with a slight amoimt of 
nitrogen, and a certain amount of carhonic acid gas. And 
as the composition of the attnospLero was not suxpectad in 
the days of Galen, the prei>enco of blood, atid the absenoo of 
air, were facts so firmly established by him, that, in spite of 
all ant^onists, thoy finally assumed the place of incontesta- 
ble truths. 

Here, then, we ace one error removed. The others stiU 
remained. Galen, and all his successors, maintained that 
the two chambers of the heart communicated directly by 
means of holes in their partition ; an opinion perfectly int«l. 
ligible when we learn that it rested on a theoretical assump- 
tion. Theory wanted the fact, and men saw the feet they 
wanted. Theory distinguished between venous blood, and 
spiriluaus, or arterial blood : The venous blood nauriahing 
all the coarser organs, such as the liver ; the spirituous 
blood nourishing all the delicate organs, snch as the lungs. 

In our day wo should demand some proof, before aeeqtt 
ing such a theory ; but the ancients had a very vogue idea 
of the necessity of proof ; and were equally vague respecting 
the nature of proof: so long as an opinion was logical and 
plausible, it was held to be irresistible. 

The spirituous element was supposed to be formed in 
the left ventricle of the heart ; but inasmuch as even venous 
blood requires some of this spirit for the purposes of nutri- 
tion, it was necessary that the two bloods should mingle ; 
and, to meet this necessity, holes were assumed in the parti- 
tion dividing the two ventricles. So deeply impressed wero 
anatomists with reverence for what Galen had said, and 
what theory required, that one and all amc the holes — ^which 
do not exist. Berenger da Carpi had, indeed, an uneasy 
doubt on the subject, which he naively expressed in the ad- 
n that the holes wore only to be seen with great 
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culty — eutn maxima di^cvJlale videntur ; but, by atraining 
the eyes sufficiently, he doubtless saw what Galen required 
him to see — as thouaanda daily aee what they believe thoy 
ought to see. The first maa who had sufficient strength of 
mind to use his eyeg, and say what he saw, was Vesalius,* 
the father of modern anatomy : for whom Titian did not 
draw the figures which illustrate his work.f 

Thus was the second error overthrown in 1543. The 
third error — namely, that of the veins carrying the blood to 
the tissues — was somewhat more complex. If the venona 
and arterial bloods do not mingle in the heart, where do 
they mingle t We know it ia in the lungs that the one 
passes into the other ; but it waa an immense discovery to 
make ; and there ia something piquant in the fact that it waa 
first divined by a restless and daring theologian, whom Cal- 
vin burned with affectionate zeal, for speculations of another 

Michael Servetus was the first to announce the existence 
of the circulation in the lungs ; and he announces this in the 
Chriitianigmi Sesfilulio, a work which was burned by the 
theolo^ans. Two copies of this work exist ; one, still red- 
dened and partly consumed by the flames, is in the Royal 
Library of Paris ; and copious extracts from it are printed 
by M. Flourens in his " History." Servetus there describes 
the passage of the blood from the heart to the lungs, " where 
it is agitated, prepared, changes its colour, and is poured 
from the pulmonary artery to the pulmonary Tein."J 
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This idea was as novel as it was true ; but ihe critical 
reader will prcibaUy not agree with M. rioureaa in regard- 
ing this as a diicovery, in the strict sense of the term ; for 
although Servetus had some notion of the anatomical evidence 
furnished by the large size of the pulmonary arttry, which 
enables it to carry a far greater quantity of blood than could 
be needed for the nutrition of the lungs, yet we have only 
to read the passages in which he describes this pulmonary 
circulation to perceive that he had no accurate idea of it : 
he speaks confidently of the nerves being continuations of 
the arteries, and describes with great precision how the air 
passes from the nose into the ohambers of the brain ; and 
how the devil takes the same route to lay siege to the soul. 
All we can say is, that Scrvetus made one lucky guess 
among his numerous giiesses by no means of the lucky kind. 
I think it right to insist on this point, because, owing to the 
rarity of the book in which the guess was promulgated, 
very few persona have been able to form a correct idea of 
what Servetus reuUy meant. Thus Cuvier, among others, 
emphatically asserts that " the physiological phenomenon df 
the pulmonary circulation is explained in a very clear tnan- 
ncr,"* and that Servetus says, " in a positive manner, 
that the whole mass of the blood passes through the lungs," 
The copious e.xtracta given by M. Flourens now enable 
every one to see what Servetus really did assert. He an- 
nounced the fact of the pulmonary circulation, and may re- 
ceive from History the whole credit of such priority ; he 
also guessed rightly that in the lungs, and not in the liver, 
the lilood received ita elaboration, passing from venous into 
arterial. 

But whatever merit may be assigned to Servetus, no in- 
fluence can be attributed to his discovery, since both he and 
his treatise were roasted by Calvin ; and no one beard of 

• Cvrm: EM.dMBeUtKi^SiU^U.'a. 
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the pulmonary circulation. Six years afterwards, Iiealdo 
Colombo re-discovered the pulmonary circulation ; * and 
that the discovery vaa ready to be made on all sides, is seen 
in the fact of ita being also made by Cfesalpinus, the great 
botantist, who does not eeein to have boon aware of what 
Colombo had written, since he makes no mention of him, 
and, as M. Flourens observes, U grand mints est tmijoura 
probe. CaeaalpinuB, moreover, was the first to pronounce 
tlie phrase " circulation of the blood."t 

2. Dueovery of the general Circulation, — Ilere the 
reader may ask, What iurther remained for Harvey to 
discover ? and it may surprise him to hear tKe answer : 
Everything ! Such is pretty nearly the feet. The pulmon- 
ary circulation takes place only through a small arc of the 
great circle traversed by the blood. Besides this arc, there 
is the other greater arc, through which the gyatemie, or gen- 
eral circulation, takes its course ; and of this no one, except 
Cseaalpinua, had even a suspicion. Every one supposed that 
the veins carried the blood lo the tissues, and nourished 
them ; no one suspected that this function was reserved for 
the arteries, aud that the veins carried the blood only to the 
heart. It was thought that tho arteries had their origin in 
the heart, and the veins in the liver ; from the liver the 
vems carried the blood to every part. 

A single fact, familiar to every surgeon, and to every 
barber who ever opened a vein, ought to have revealed the 
error ; aince every time a ligature was applied, the operator 
must have seen that the vein swelled below the ligature, sod 
not above it ; from which the deduction seema obvious that 
the blood in the vem flowed to the heart, and not from it. 

But here, as in so many other cases, familiar tacts were 
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not observed; they were seen, but not interpreted. Ctesai- 
pinus was the first who observed it ; but he has only the 
merit of having auspocted the cause to be the current setting 
towards the heart.* His suspicion was not a demonstra- 
tion ; and we are surprised to find De Btainville saying, 
" that the circulation was known to Cfesalpinus, although he 
bad not demonstrated it." In Science, the difference be- 
tween a guess and a demonstration is as great as that be- 
tween the fame which an unwritten poem may achieve, 
and the fame which a great poom has achieved. H guesses 
counted as achievements, the temple of fame would be 
thronged ■with the statues of heroes. 

De lilainville saya tJiat the reason why Haller and others 
have denied the claim of CEcsalpinus, is because they did not 
read what he had said in his work On Planli.f Now, if we 
turn to the passage in question, we shall see how far the 
writer really was fix>m the truth, and yet how near his guess 
went to the truth. " In aninnals wo see the food carried by 
the veins to the heart, aa to a centre of innate heat j wid 
there, having acquired its final perfection, it is distributed 
over the whole body through the arteries, by the agency of 
the spirit, which is engendered in the heart by this same 
food."t 

Easy as it is for us to read into this pass^o almost all 
that we understand by the circulation, a close historical 
criticism detects in it nothing but a guess ; and as B^nird 
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remarks, we ought not to confound two auch vague state- 
ments aa these, themxelvos requiring demonstratiun, and by 
CEesalpinus himself subsequently contradicted, with the clear 
ideas, and imposing proofs, on which Hurvey established his 
discovery.* 

The convincing evidence of Harvey's originality is, that 
not only was the guess advanced by Cssalpinus without any 
influence on the theories of that day, in spite of his deserved 
authority ; but that when Harvey promulgated his theory, 
he found, all over Europe, the greatest difficulty in getting 
it accepted. B^rard maintains, that so far from any one 
before Harvey having had a clear idea of the true theory, 
no one had even accurately conceived the true theory of 
pulmonary circulation ; for although Servetus, Colombo, and 
Ceesalpinus knew that the blood passed through the lungs, 
they fancied only so much passed as was necessary for the 
reception of the " vital spirits " — a quantity which their pre- 
decessors Jancied took its course through the holes ia the 
partition of the heart. But they had no conception of the 
entire mass of blood traversing the lungs ; and even had 
they known so much they would have been wholly at a loaa 
to say whence it came, and whither it went. It waa neces- 
sary to understand the whole circulation before any part of 
it could accurately bo understood. 

3. Diteovery of the Valves. — The discovery that the 
veins had valves, opening and closing like doors, brought 
Hw discovery of the circulation within compass. It was 
made in 1574 by Fabrice d'Acquapendente, under whom 
Harvey studied at Padua. In the following figure tbo 
valves 6 6 6 are represented in the course of the venous 
trunk, and at the entrance of the venous branches. These 
valves, preventing any (low from the heart, but admitting 
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the flow to the heart, might have suggested to their discoverer 
the true interpretation of their uae. 
^'^- '*■ But five-and-forty years elapsed 

before any one arose, who had 
tho sagacity to perceive the real 
value of this anatomical atnioture 
1 respect to the blood-currents ; 
and during these five-and-forty 
years, every thing that had been 
discovered or surmised respecting 
the circulation, was femiliar to 
every anatomist of the great Pa- 
duaa school in which Harvey 
Vaitb of niH viiKB studied : nevertheless, when Har- 
vey promulgated his theory, it was vehemently opposed. 

In lfil9 Harvey first publicly taught what he had dia- 
covered; and in 1628 he published, for the benefit of Europe, 
hia oolebrated treatise, Exereitalw Anatomica de Motu Cordis 
el Sanffuinis, which may justly be called the basis of modem 
physiology. That the theory was new, and would be opposed 
as a heresy, no one more clearly divined than he did.* The 
greatness of the discovery, and the force of genius required 
to make it, can only be appreciated by those who, familiar 
with the state of opinion in those days, read the evideacs 
and arguments by which Ilarvey established his doctrine. 
It is true that ho appeared at a particular epoch, when the 
confluence of various discoveries rendered his discovery poa- 
sible ; but that a man of genius was necessary to interpret 
and co-ordinate those discoveries, is evident in the fact, that 
no one except Harvey had, fur nearly half a century, seen 
the significance of the facta. 

■ " Adeo lis novB emnt it liiiindi ts. nt non Bolam ex Invlctla qnornndsm mctnun 
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Here, however, a caution must be interposed. The im. 
portance of the valves has been greatly exaggerated, and 
their real beaving on Harvej'a discovery misconceived. 
They are thought to have rendered the discovery facile, be- 
cause, inasmuch as they prevent the blood from flowing 
backwardB, while permitting it to flow outwards, the idea of 
the circulation, it ia said, must necessarily have emerged 
from the conl«mplatioD of these valves. 

Agaiust this supposition there is one decisive jact : no 
one did deduce the conclusion which is said to have been so 



a many cases, circulation takes place entirely 
■without their aid. There are no valves in the veins of the 
Invertebrata,* none in the veins of fishes and reptiles, and 
vert/ few in birds ; yet the circulation is as complete in these 
animals as in man. 

Nay, even in man the vhief veins are destitute of valves, 
although writers on Natural Theology, and even better- 
informed physiologists, are in the habit of speaking of them 
as if they were universal and indispensable : it may, there- 
fore, be useful, to mention, that there are no valves whatever 
in the great venous trunks, the vente cavce, and portal veins 
■ — none in the hepatic, renal, and uterine veins — none in the 
brachio-cephalie, spinal, and iliac veins ; and they are rarely 
present in the azygos and intercostal veins. 

4. Harvey's Originality. — M, Flourens says, that when 
Harvey appeared every thing had been suspected or indicated, 
but nothing established. This seems to me even less than 
the truth, for 1 cannot ascertain that any one had the slight- 
est conception of the real process. 

Acquapendente couid make nothing of the valves he had 
He thought their office was simply to prevent a 
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too great aecumulotion of blood in the lower parts of tha 
body, aiid a diminution from the upper parts. 

Colombo thought with his contemporaries , that the veins 
had their origin iu the liver, and carried blood to the tissues, 

Csesalpinua, in spite of his recognition of pulmonary 
circulation, thought the blood also passed from the right 
chamber of the heart to the left. 

But Harvey not only conceived a clear idea of the pro- 
cess, he described it minutely and accurately. Ke noticed 
the successive contractions which forced the blood into the 
ventricle when the auricle contracted, and forced it from tha 
ventricle into the lungs when the ventricle contracted ; & 
process repeated on the left side with the blood which had 
come in contact with air in the lungs. And at each passage 
of the blood from one cavity to another, there were the 
valves, or "little doors" (o»(jo/o), opening to let the current 
pass, and closing to prevent its reflux. 

These valves are represented in the following figure, 
which shows the upper surface of the heart, when the auricles 
are removed ; — 

Harvey described the course of the blood along the 
arteries, which he attributed to the pulsations of the heart; 
and in this, instead of in Galen's " pulaifio virtue," he recog- 
nised the cause of the l)lood'8 movement, 

5. Reception of tlie new Doctrine. — By Harvey the over- 
throw of ancient authority was completed. Men dared no 
longer swear by Galen — they swore by Harvey, who had 
discovered the greatest fact in the animal economy — a fact 
totally unknown and unsuspected by Gialen, or any other 
ancient. Tlio new era had commenced. 

It was not in the nature of things for tlie old ^stem 
quietly to accept the new ; accordingly, the opposition was 
loud and vehement. Like many other parts of this history, 
and like most oppositions to new doctrines, it has been 
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immensely exaggerated by historians, and by writers w!io 
have chosen it as a theme for rhetoric. It ia true that the 
Faculty rejected the new doctrine ; but it is uo leas true that 
a accepted it with enthusiasm. If Guy Patin 

Fig. 14. 




yraa caustic in opposition, Moli^re laughed, at Guy Fatin's 
prejudice; and Boileau ridiculed the Faculty. Some anar 
tomista accepted the doctrine, and the great Descartes 
warmly espoused it.* Swammerdsmm and Malpighi, two 
of the great names of the century, speak of Hiirvey with 
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I no one spoke of him in any other 



H 'whon 

H tliat 



reverence ; and t 

. 6. Gaps in the Doctnne of ffarvey. — It is impoBsible to 
read Harvey's work without the highest admiration for the 
scicntifie genius it displays, and the eonviction that here the 
circulation was not only demonstrated, liut for the first 
time conceived. The experimenta and arguments by which 
he establishes the fact are still worthy of study, iia models of 
investigation. 

But there were necessary gaps in his doctrine. The 
course of the circulation was not known to him, could not 
indeed have been discovered by any instruments at his dis- 
posal. He supposed the blood passed from arteries to veins 
by two paths, either through anastomosis (that it is to say, 
the arteries oponuig directly into veins), or through the 
porosities of the ports — aai porositatet eamis etpartium. »ol- 
idarum pervias aanguini. He thought it necessary that so 
much of the blood as was required by the tissues for th«r 
nutrition, should remain behind in the tissues, and the real be 
carried onwards to the hearj. The error is considerable ; 
and its bearing on the theory of the circulation will be ap- 
preciated by any one who reflects on the fact that venous 
and arterial blood being so obviously distinguished, it is 
necessary that the passage of the one into the other should 
be demonstrated — not surmised — before the theory of the 
circulation could be accepted as complete ; for any one might 
reasonably assume that the lilood in the veins is alt<^etber 
another fluid from tliat in the arteries, and not merely 
another state of that fluid. 

This, indeed, woi assumed by the advorRariea of Harvey, 
and has found supporters oven in our own day. Burdach 
cites two German physiologists — Willbrand and Runge — 
whom he thinks worthy of refutation, and who maint^ned 
that arterial blood was transformed in a mass into the ti*- 
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sues, BD<I that venouB blood was the re-transformed tissues. 
Unless tiie pasa^e of the blood into the veins be dearly 
traced, there can be no reason against supposing that the 
veins simply absorb from the tissues, in the same way as the 
lymphatics and laeteaJs absorb their fluid. To prove that 
the blood makes a cireuit, that circuit must be traced ; and 
Harvey plainly declares that, with all his diligence, he could 
not succeed in tracing any connection between arteries and 
veins ; in only three places did he fiad them presenting 
any thing like an anastomosis ; in every other place he imag' 
ined porosities. 

7. Discovery of the Capillaries. — Nor, with the meana 
at his disposal, could Harvey have traced the complete courae 
of the blood. The Microscope was needed ; and the first to 
employ the microscope in such researches was Malpighij 
who, four years after Harvey's death, in 1(J61, detectfed those 
Capillaries which form the channel of communicatinu between 
arteries and veins. (See fig. 11, p. 237.) He says that, at 
first, he thought the blood poured out from the minute 
arteries in streams, without his detecting any vessels for 
these streams ; but afterwards he detected the distinct walls 
of these vessels ; and he describes the modes of examining 
them in the lung of the frog. Their network arrangement 
on the pulmonary cells is well described by him.* Never- 
theless, in 1668, Leeuwenhoek describes them as if pre- 
viously they had been quite unknown. " I used every means 
I could devise," he says, " to see the complete circulation of 
the blood — namely, that one of the smallest of those vessels 
which we call veins, arose from another which is called an 
arteiy, and afterwards conveyed its contents to a larger 
vein ; but I found this to be impossible, for when 1 followed 
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the coiirao of the artery until it became ao smait as only to 
admit of one or two globules to pass through it at a time, 
I then lost sight of it." This waa in the wing of a bat; but 
subsequently ho waa more fortunate with the toil of a tad- 
pole : " a eight presented itself more delightful than any that 
my eyes had ever beheld ; for here I dlseovered more than 
fifty cireulatious of the blood in different places. I saw 
that not only the blood in meny places waa conveyed through 
exceedingly minute vessels, from the middle of the tail to- 
wards the edges, but that each of these vessels had a curve 
or turning, and carried the blood back towards the middle 
of the tail, in order to be conveyed to the heart. Hereby 
it appeared plainly to me that the blood-vesstJa I now- saw 
in this animal, and which bear the names of arteries, and 
v^ns, are, in fad, one and Iht same — that is to say, that they 
are properly termed arteries ao long as they convey the 
blood to the farthest extremities of its vessels, and veins 
when they bring it back towards the heart," * 

Thus, then, was the domonsti'ation of the course of the 
blood completed ; and w^e must confess that it is with sur- 
prise we find all historians overlooking tbe great gap in the 
doctrine which had been left by Harvey, a gap only filled up 
by Malpighi and Leeuweuhoek in their discovery that these 
capillaries formed the true passage of arterial into venous 
blood. 

It is necessary to bear in mind that the capillaries are a 
distinct set of vessels, differing from the artei'ies and veins 
wliidi they connect, in their anatomical sti-ucture, and in 
tbeir arrangement as a network (Fig, 8, p. li)6). Biobat 
waa the first who systematically conceived them as a distinct 
system ; but their structure was not known until investigated 
by Henlo, in 1841, and by subsequent histologists. The 
existence of these vessels is not only important to the theory 
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iiof the circulation, but is even mora important; to the theory 
of nutrition ; since it assurea us that not only does the blood 
^ruly circulate, but circulates in a system of closed vessels, 

that only by oozing through the walls of those vessels 
can it reach the tissues, and nourish them. Indeed, those who 
imagined that the blood was poured on to the tissues, were 
iware that blood under such circumstances would act 
tike a foreign substance ; instead of nourishing, it would 
destroy. 

If the reader feels any difficulty in understanding how the 
blood can ooze through the walls of the vessels in sufficient 
quantities fiir the purposes of nutrition, he is referred to the 
.explanation previously given of £udosmosis (see p. S5.) 
Having there learned with what facility the passage takes 
place when the membrane separates two fluids of unequal 
density, ho will be prepared to understand how it may take 
.place even in the Slug, which has a continuous layer of 
e&alk imbedded in the walls of its blood-vessels — a fact which 
considerably surprised me when I first observed it. In other 
xnimals the walls of the blood-vessels are more delicate. 

8. JUsroveri/ of tlie Lympkatia, — Harvey did not live 
to hear of the Capillaries ; but there is another system of 
Teasels, of which indeed he heard, although he failed to ap- 
preciate their significance. We allude to the Lymphatics, or 
Absorbents. They are minute vessels, abounding in all the 
Tiscera, rare in the muscles, and not yet detected in the 
»ua centres ; when they rise from the alimentary canal, 
they ore called Lacteals, or chyliferous vessels, and as such 
were, until quite recently, supposed to be the chief channels 
far the conveyance of the chyle to the blood. But in the 
i^pter on Digestion we learned that this chyle is not the 
quintessence of the digested food, and that the lacteals only 
flifier from all other lymphatics in carrying a larger pro- 
portion of fat, which gives their fluid its milky aspect during 
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digostion. Lymph is blood -without its cells. Chyle is lymph I 
with tho additioa of fat, and perhaps also the addition ofM 
some other products of digestion. Lymph coritaina albiA 1 
men, fibrine,* fat, salts, and extractive matters, like the I 
bluud : and, like the blood, it coagulates at certain tempera^ T 
tures. The chief differences between lymph and blood are I 
the absence of the cells, and the presence of a greater pro- i 
portion of water. By absorbing its water, lymph leave* 1 
the plasma bathing the tissues in a more concentrated statA. [ 
Lymph is one of tho streams which set towards the heart, I 
and join the venous current. 

The discovery of the Lymphatics ia due to Aselli, Peo- 
quet, Eudbeck, and Bartholin. Anatomists taught that there ] 
were three kinds of vessels in the body ; the veins, which 1 
carried blood ; the arteries, which carried spirituous blood; 
and the nerves, which carried " animal spirits." To tha I 
surprise of all, the news came that an Italian analomiat, | 
Aselii, had discovered a fourth kind, which carried the chyle. 
This discovery was announced in 1622 — three years aft« ] 
Harvey first announced kis discovery, but sis years before J 
his book was published. 

Aselli was disseoting a dog, and, to his surprise, on open- 
ing the abdomen he saw a network of delicate white vessels. J 
"What could they be? Did they contain the chyle? He 1 
pricked one, and, in a transport of delight, exclaimed Su- I 
reka/ as he saw a milky fluid flowing out. But on opening \ 
another dog, he was greatly discouraged, for there was not ii 
vessel of the kind to be seen. Had he been deceived T 
Was his joy premature i In this perplexity it occurred to 
him that the first dog had been fed a little while before it 
was opened ; whereas the second dog was fasting. With 
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ihe insight of genius, Aaelii detected here the eluB which 
Blight Irad him to the truth. He fed another dog ; four 
fcouFB afterwards he opened it, and had the intense satisfac- 
tion of once more seeing the milky vosscla, 

- But although Aselli mudo Europe aware of a new sys- 
tem of vessels, which ho named Lacteals, he failed to trace 
their issue. He thought they conducted tLe chyle to the 
Bver. 

- In 1648, a French anatomist, Pecquet, distrusting the 
(lonclusions of that " mute andirigid science," as he calls tho 
dissection of dead bodies, determined to seek the truth in the 
living organism, and began a series of vivisections. He was 
rewarded by the discovery of the course taken by the chyle 
in the lacteals, as it passes into the Reservoir, still named 

irofter Mm, and along the Thoracic Duct, to be poured into 
tfae subclavian vein, and thence, mingled with the blood, 
into the heart. 

In 1650, Rudbeck, a young Swede, discovered the lym- 
phatics in the liver, and their connection with the reservoir 
tof the chyle. 
In 1652, Bartholin, another Frenchman, completed this 
fecovery by finding the lymphatics in the viscera and limbs, 
and by tracing them into a common trunk. 
These discoveries, following in such quick succeasion, 
peatly disturbed the equanimity of the Faculty, whose mem- 
bers swore fay Galen, and could not tolerate the idea of the 
ancients being supposed to have overlooked anything, " Un 
^lacuninvente k present ! — Everybody must needs be adis- 
eoverer nowadays," was the indignant sarcasm of Riolan, 
the most renowned teacher of that day — the only adversary 
whom Harvey condescended to answer, and of whom ho 
stood in such awe, that, even when answering his attacks, he 
H declares the book which contains those attacks " will live 
^■forever, and when marble shall have mouldered, will 
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proclaim to posterity the glory which belongs to your 

Harvey knew indeed of the esistenco of the lacteala, and 
says that he had observed them before Aselli published his 
book. But he di^nied that they contained the chyle, and he 
ia twitted by Riolan for hia diabeJief. In consequence of 
this, a tradition has come down, that Harvey showed the 
same spirit of opposition towards the novelties of others, 
as was shown by others towards the novelties he advocated ; 
but this is a mistake. If the reader will turn t« Harvey's 
letter to Dr. Morison of Paris, he will see a very circum- 
stantial and temperate exposition of the objections whidi 
Ilarvey felt against the notion of the laoteals conveying the 
chyle : many of these objections are of great foroej and 
stil! remmn unshaken. His chief error is in supposing that 
the fluid in the lacteals ia milk. But he insists very proper- 
ly that it should be demonstrated that this fluid is really 
<^yle brought from the intestines, and that it supplies nour- 
ishment to the whole body ; " for unless we are agreed 
upon this point, all discussion is vain," Subsequent invea- 
tigationa have cleared up what was obscure, and have shown 
that the lacteals convey lymph mingled with fat, and that, the 
lymphatics convoy whatever they can absorb from the tiasues, 
in which they ore imbedded like the roots ofa tree in the earth. 1 
The lacteal and lymphatic streams are confluent with the 1 
great venous streams, and thus form parta of the circulation. 

It may now be convenient to state in a few brief senten- 
ces the results of all these diacoveriea, and the course taken 
by the circulation. For this purpose, let us cast a glance at 
the disposition of the organs represented in fig 15, on tho 
following page. 

The Food having become chyle in the intestines, is from 
them carried to tho heart by these two courses ; 

■ * EtntnM. dt CtiVHL ad Btolanum, IMS ; lut puignpb. 
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1°. llie system of portal veins ( Vp) whjch oouduct the. j 
chief mass to the liver; from the liver, the chyle, now b 
come Blood, passes along by the inferior vena cava to thei | 
right auricle of tlie heart (A), 

2°, The system of Laeleah ( FZ), which conduct the fluid 
through the mass of mesenteric ganglia, m (not to be con- 
founded with nen-oua ganglia), to the Reservoir of Pecquet 
(iS) along the thoracic duct {I, t), whence it \a poured into 
the subclavian vein, and there mingling with tlie venouft; 
blood, it is afterwards carried to the heart and through tha- 
lungs to be artcrialised. 

Thus the Food readies the heart as Blood. From thft- 
heart it takes the course already described. 

The arteries carry the blood to nil parts of the body by^' 
a system of subdividing branches, the twigs of which ai^ 
Capillariea. Through the walls of these capillaries some ol(i 
the dements of the blood pass to nourish the tissues. 

Tbe Capillaries are continuations of the arteries, ) 
the veins are continuations of the capillaries (or more kit-* 
rectly speaking, the capillaries are intermediate Tesselt, 
uniting these two). Into the veins that portion of the blood, ' 
enters which has lost its arterial character in the ] 
through the capillaries. Into the veins also the Lymphatiofl < 
pour their iluid, which ia partly the unused plasma of thft^ 
blood absorbed from the tissuea, and partly the prodaote erf 
waste in the tissues. When the Lymphatics arise from the 
intestines they are called iacieaZs, orchyliferou8ve8selB,ani . 
carry some portions of the digested food, as well as lymph) 
This compound of altered blood, unused plasma, was 
SUP, and food, forms venous blood, and is carried by the innu- 
merable veins, ramifying all over the body, to two great venous 
trunks, the vence eavas, inferior and superior, ( Vc and Ve'), 
which pour the whole mass into the right auricle of the heart. 

9. Harvey't Claims. — From the preceding o:ip09ition of ' 
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e march of discovcrios, it is clear that Hurvey did not dia- 

V4over all that tee mean by the circulation of the hlood ; hut 

e discovered the great fact, that the blood does circulate, 

^Ipropelled from the heart along the arteries, and back to the 

1 fa6art and lungs through the veins. 

Having thus shown that he did not discover the whole 

urge of the circulation, we have now to show that he did 

not discover its whole caute. Before doing so, it will be 

interesting to remark, that in one important respect he was 

behind Servetus, for ho thought that the blood returned to 

the heart, as to a fountain, there to receive the additions 

f jiecessary to its perfection — tanquam ad/onlem sivead lares 

mforporh, per/ecltonig rectiperandie causa reverti. Servetus 

P^rrectly stated that it was in the lungs, and not in the 

Bart, that this perfection was attained. Instead of perceiv- 

g that arterial blood acquired its bright colour by its ex. 

poaure to the air, Harvey maintained that this colour was 

owing to the lighter part being " strained " from the heavier 

in its passive through minute openings, " In blood-letting, 

when the hlood forcibly escapes to a distance in a full stream, 

it ia thicker and darker ; but when flowing from a small 

orifice drop by drop, it is brighter because it is then strained, 

Mid the thinner portion alone escapes." We know that the 

irence is owing to o more perfect exposure of the whole 

s to the air when it issues slowly in drops, and thai is 

Y the blood is then of a brighter hue. Harvey, having 

suspicion of this atmospheTio influence, is driven to in- 

s devices to explain the change of colour. " In the 

;s," he says, "It is more florid than in the arteries, bo- 

mse it is strmned through the pulmonary tissue." His 

n of the office of the lungs was, that they served to cool 

e blood, " and prevent it from boiling up." 
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causes the blood to circulate 1 " The heart," answers an un- 
hesitating reader. That the heart pumpa IjIoikI incessantly j 
into the arteries, and that this pumping must drive the 
atrean:! onwards with great force, there is no doubt ; but ( 
although the most powcriiil agent in the circulation, the 
heart is not the sole agent ; and the more we study this 
difficult question, the more our doubts gather round the ex- 
planation. 

1. Circulation in the absence of a Heart. — Let a few of i 
tho difficulties be stated. There havebe«n cases of men and ] 
animals bom without a heart ; these " acardiac monste 
did not live, indeed could not live ; but they had grown and 
developed in tho womb, and consequently theli" blood must 
have circulated. In most of these coses there has been a ' 
twin embryo, which was perfect ; and the circulation in. botb 1 
was formerly attributed to the heart of the one ; but it has ] 
been fully established that this is not the case. Further, 
Dr. Carpenter reminds ua that " it has occasionally been 
noticed that a degeneration in the structure of the heart has j 
taken place, during life, to such an extent that scarcely any j 
muscular tissue could at last be detected in it, but without I 
any such interruption to the circulation as must have been j 
anticipated if this organ furnishes the sole impelling force."* 1 
On the other hand, an influence acting on the capillaries will | 
give a complete check to theaction of tho heart although that ] 
organ is itself perfectly healthy and vigorous. 

Professor Draper conceives that circulation in the liver 1 
is peculiar, since a complete circuit ia there performed by J 
the blood, yet no heart or pulsating organ, is found in thai J 
circle ; the small vossols which belong to the intestine w 
verge into a large trunk, and this portal vein on entering I 
the liver ramifies over it in the manner of an artery — that J 
is to say, it branches and branches into the minutest sub- ] 
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divisions, nnd krniinatea into capillaries ; these once more 

converge into YcnoiiB trunks, and „. ,. 

carry the altered btood from the 

liver. Ilere is a complete circle, 

analogouB to that larger circle 

which traverses the whole body. """^^ 

But this circulation is dependent *"~- 

on the primary impulsion given s_ 

by the heart ; and Prof. Draper i 

would have to show that without " "j 

the heart the circuit would still 

be performed, before he could 

claim the liver as an illustration 

of hiB views. He also refers to 

the circulation in the fish. 

The fish has a heart, but that j 
heart only drives the blood into 
Ihe gilla ; it docs not suffico for 
ihe rest of the body— it ia a pul- 
piaasrjf not a systemic heart. ' 
^niia will be understood by refer- 
to the following figure, which 
repreBents the circulation in a 
fiah. 

The blood, propelled f^pm the 
auricle into the ventricle, is aerated 
ipillaries of the gills, and 
descends through them into the 
•orta, not into the heart; and 
from the aorta it passes to the 
rest of the body, from whence it '^"'' 
returns through veins to theheart. teriaii 




Thus we perceive that 
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forma a complete circuit, it only once enters the heart; 
whereas in the mammal it twice enters the hcjjrt, going to 
and returning from the lungs, 
s The following tkearttie diagram 

(copied from Milne-Edwarda 
like the preceding) may assist 
the reader in forming a distinct 
conception of the fish drou- 
lation. 

This diagram should be oora- 
pared with that at p. 239, in 
order to detect the important 
differences betwisen the eircur 
lation in the iish and the mam- 
It is possible \a meet these 
difficulties, but the objections to . 
the Harveyan doctrine do not 
end here. The heart may be re- 
moved in cold-blooded anim. 
\ and the capillary circulation will ' 
continue for some time, in spite I 
of that removal. This has been 
than once ; and although I had myself ob- 
served it some time ago, yet in preparing these pages for 
publication, I ^ain investigated the point ; and for this pur- 
pose removed the heart of a Triton, with as much care R 
possible, and found the droulation going on in the tail for I 
minutes afterwards ; nor did it entirely cease aa. j 
iparating the tail fi'om the body,* 
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While the fact was thus indubitable, I had many doubts 
I aa to the cause. But the fact ia enough for our present pur- 
I pose ; and that it is also true of warm-blooded animals 
may be inferred, since after death various processes of secre- 
tion, and some even of grovilk (as of hair, beard, &c.), are 
known to take place ; and this seems to imply capillary cir- 
culation, " After most kinds of death," says Dr. Carpenter, 
•' the arterial system is found, subsequently to the lapse of 
B few hours, almost or completely emptied of blood ; this is 
partly, no doubt, the effect of the tonic contraction of the 
:(ube8 themselves; but the emptying is commonly more 
'GOmpiete than could thus be accounted for, and must there- 
fore be partly due to the continuance of the capillary circu- 
lation. It has been observed by Dr. Bennet Dowler, that 
in the bodies of individuals who have died from yellow 
fever, the extermil veins frequently become so distended 
.with blood, within a few minuies after the ceaaation of the 
Theart's action, that when they are opened the blood flows in 
A good stream, being sometimes projected to the distance of 
.ft foot or more. It ia not conceivable that the alowly-acting 
.tonicity of the arteries could have produced such a result aa 
>tiiiB ; which can scarcely therefore be attributed to anything 
^etse than the auatcnance of the capillary circulation byforoea 
.^^enerated within itself." 

3. Sapidity of ike Circulation. — Those who have never 
-watched with attention the circulation in the capillaries, may 
;tjierhaps imagine that the mere force of the heart which pro- 
|iela the blood into the gills, will suffice to propel it also 
.through the general circuit. They will see the heart of the 
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fish beating vigorously, and will imagine these pulsations 
suffice. But this will no longer seem so plausible, if we 
place the tail of a tadpole, or the foot of a frog, under the 
microscope, and delight ourselves with the wondrous spec- 
taele. We shall immediately perceive that the blood flowa 
with far greater rapidity in the arteries than in the capillar 
Ties; we shall not« that, although the heart continues its 
vigorous pulsations, and the blood in the arteries advances 
in regular leaps, the currents in the capillaries are very ir- 
regular, sometimes momently arrested, and even reversed. 
Instead of the leaping rush, we perceive an ttttsleady fiow, 
which is never at any time equal in rapidity to the flow iQ 
the arteries. 

Ttis slackening of the capillary current is held to be an 
important point in the present discussion, Altliough pre- 
dse estimates are excessively difficult in such eases, we need 
accept the estimates yet made as only approaching the truth, 
and the ailment is equally fortified by them, for the differ- 
cnee in the rate is enormous : in the main arteries the blood 
rushes at the rate of a foot per second; in the capillaries 
only an inch per mimile.* 

What does that indicate ? It indicates that, when tba 
heart has driven the blood along the arteries at a rapid rat^ 
there is a considerable retardation occurring in the capilla- 
ries, which must call for some new force to restore the rate, f 
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Not further to multiply examples, we may take our 
Htand on these, and pronounce the Harv«yan doctrine to be 
incomplete, since it fails altogether to account for many im- 
portant phenomena. Whflt«ver influence the action of the 
heart may esert, it is not the sole cause of the circulation, 
but only one of the causes. But before attempting to assign 
the other causes, let us see the part actually assignable to 
the heart. 

3. Tke Motions of the Heart. — ^Tbe motions of the heart 
consist in the alternate contractions and relasiations of its 
muscular walls. The process ia this : The two antecliambers 
{aurides) suddenly contract ; immediately afterwards, hut 
while the auricka are ttill eonlraeted, the two chambers (tien- 
lricle») also contract, having been powerfiiliy expanded by 
the rush of blood from the auricles. This contraction is 
named the lyslole of the heart. It continues for a moment, 
and is followed by a relaxation of the two auricles, which is 
immediately succeeded by the relaxation of the two ventri- 
dea. This relaxation is named the diastole.* 

During each beat, two sounds may be heard ; one dull, 
Viiich may be imitated by pronouncing the word luhb ; the 
^ther, quickly succeeding it, has a sharper sound, like dup, 
The former sound ia supposed to be due to the contraction 
of the muscular fibres of the ventricles, and the thump of 
the heart against the cheat ; aided, no doubt, by the rush of 
blood and the closing of the valves. The latter sound is 
caused by the shutting of the semilunar valves of the aorta 
iftnd pulmonary artery. 

4. Tke /"w^se.-— The number of pulsations varies greatly, 
Bot only between difliirent sexes and different individuals. 



««tly, M ,u™»d 


Ltigwrlt«rK. dncrLhed the coDtractlnn of Ihe siiTiirli,i> uxxrin- 


eld«i.t*ltlithere 




BDd the wuKnoUo 


puHM DD Itam one etyltj to uoUiu befoie the relBuHon 







Beats per ] 


^nate. 


150 to 


150 


. 130 " 


140 


115 " 


130 


. 100 " 


115 


95 " 


105 


. 80 " 


90 


75 " 


85 


. 70 « 


75 


75 " 


80 



268 CntCULATION OF THE BLOOD. 

but at different ages and conditions of the same person. The 
following table shows the average at several epochs : — 

In the foetus in utero, . 
Newly-bom infant, 
During the 1st year, . 
During the 2d year, 
During the 3d year, . 
From the 7th to 14th year, 
From the 14th to 21st year. 
From 21st to 60th year, 
Old age. 

These figures open a wide field for speculation, especially 
when coupled with the differences noticed between the sexes, 
the female having greatly the superiority over the male in 
respect of frequency, her pulse beating from ten to fourteen 
times a minute beyond that of man. It must be remem 
bered, however, that a quick pulse and a strong pulse are 
very different things. The rate of the pulse varies at differ- 
ent periods of the day, gradually diminishing from morning 
to night, and notably declining during sleep. It is quicken- 
ed during exercise and digestion. It is slower when we lie 
down than when we sit, slower when we sit than when we 
stand.* 

5. Cause of the Pulse, — What is it causes the beating 
of the heart ? Haller and his school attributed it to the 
irritability of the muscular walls, which are stimulated by 
the presence of the blood. There is this fact in favour of 
such an hypothesis, namely, that after the heart has ceased 
to beat, and its irritability is extinct, a little arterial blood 
injected into it will cause it instantly to resume its pulsa- 

* A valuable collection of details respecting the frequency of the pulse will be 
found in Milne-Edwjlbds : Lecona^ iv. 56 « aeq. ; and Bbbnjlrd : Idquidee d4 
POrganieme, i. 221. 
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tions. This, however, ia met by another fiwt, that the heart 
contmues to beat long after it is empty of all blood. 

Nor is tho common statement correct, that the heart 
retains its irritabilitj" longer than any other muscle ; I have 
found the tail and lower estromities of a Triton preserving 
their irritability, aad, indeed, almost all their vital proper- 
ties, several hours ader the heart had. ceased to beat : and 
Budge found the amputated leg of a Frog retain ita brita- 
bility ae long as the heart.* 

Not, therefore, by the possession of any greater irrita- 
bility is the heart distinguished from other organs, but by 
the posseasion of a power of spontaneous contraction, such 
oa they do not manifest. Other muscles wUl cCntract if 
some stimulus be applied, but they remain quiet so long as 
they are undisturbed. The heart does not remain quiet. 
Remove it from the body, and you will see its rhythmic 
pulsations continuing almost as if it were within a living 
breast. Cut it lengthwise into two halves, and each half 

' will continue beating.f Cut it across, through both auricles 

; and ventricles, and both sections will beat as before. 

This is one of the apectaclea that asaai! the mind of the 

I anatomist with somewhat of a tremulous awe. The boat- 
ing of the heart, which from his childhood he has learned to 
associate in some mysterious manner with life and emotion, 

[ be hare sees occurring under circumBtances removed from 
all possible suggestions of emotion or life. What mean 
tiiose throbbiiigs ? They are not the equable movements of 
Life ; they are not the agitations of terror ; they are not the 
impulses of instinct Dead and destroyed is the wondroua 
mechanism of which this heart but lately formed the main- 
spring ; and yet, beside the inert body lies this beating 
in, as if in the expiring agonies of atroj^le. 
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Why is this ? For many years no explanation could be 
given. We hot know thiit in the substance of the heart 
there is a complete little nervous system, consisting of 
ganglia and nerves.* This system is not made up of the 
nerve-filamonts which come from the jmeamoffaslrie nerve. 
It ia a system belonging to the heart. Ganglia are to be 
found at the base of the auricles and ventricles. The aut 
(or septum of the frog's heart is the best place in which to 
study these ganglia, because its transparence permits micro- 
scopic investigation, without any preparation, which might 
alter the natural disposition of the parts. f In mammals the 
ganglia may be found on the snrface of the auricles ; and ac- 
cording t<Tlloinak, who may be considered the discoverer of this 
ganglionic systeni,J they are also on the surface of the ven- 
tricles. Todd and Bowman,§ however, declare they could not 
find them in the ventricle of the calf. I was equally unable to 
fmd them in that of a pig, a mole, a mouse, a oat, and a 
kitten; and Eckhard|| saw fibres, but no ganglia, in the 
septum of the tortoise. It is probable, therefore, that there 
are considerable variations in the distribution of t^iese 
ganglia ; but the fact of their esistence is enough for us. 

■ In Chapter TIIL the mdecirlll lam vbaC Is mwot iy gikDgllD; tbr tli* 

t Fow, I tl]itik,iFbo ciunlno a gBDgllon thiu, can rs^st Uie DODdnelon thU O* 
Obrea pusi beside snd ronnd the eelis, but ne no( lU in dirool eonneoa™ with 
them. I never mw inj' but " apolar cells " In these ganglia ; and tbreo very eal- 
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From these ganglia nerves are distributed through the 
muscular Bubstanc*. That it is to this nervoua apparatus we 
are to ascribe the spontaneous activity of the heart is easily 
proved ; for if any part be severed from all connection with 
the ganglia, the pulsations cease at once in that part ; but if 
Buy part be severed which still retains u ganglion, the pulsa- 
iions will continue. The movements during life or death 
are thus seen to be due to the ganglia. 

But why these ganglia retain their power after the circu- 
lation has been destroyed, and why a similar power is not 
observable in other ganglia, still remains a problem. It 
eeema certain that the power is only retained during the 
oontinuance of those molecular changes which we vaguely 
■ vital ; for if the heart be subjected to the influence of 
foreign gases, or bd dipped in oil, its pulsations suddenly 
; on the contrary, if arterial blood be injected long 
after the cessation of all movement (provided decomposition 

not commenced), the contractions are resumed.* It has 
been observed to beat in au exhausted air-puinp ; which 
fBccludes the idea of the atmosphere being the stimulus that 
sets it going. 

The heart pulsates in the embryo long before it contains 
hlood, and long before any nerves have be«R developed in 

■when, indeed, it is nothing but a mass of cells. Nor 
ibave we any evidence of the existence of nerves in those 
lulsatile sacs which constitute the hearts of the simpler 
lumals ; not only is there no evidence of such a structure, 
^t all the evidence is decidedly against our supposing that 
l2iese pulsatile sacs derive their contractions from n 
influence. 

Here the reader probably thinks he sees a flagrant c 

Swoy uys that ona day, after the heart ot a pigeoo bod oeooed to "beat 
plued tall fljiger on It -wetted with lallTB, and la a short tlms, nndBt tha Influi 
■«f Ibis "fcnnonUtloD.- u he <»11a it, the heart reooveped Its Tigonr, and bctli ■ 
■lea and ventrlelea pulaatad. 
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tradiction in our statements. We first do our utmost to 
show that the heart contracts only under ncrTous agency, 
and we then quietly assert that the embryonic heart, no 
leas than the heart of various animals, is imder no such 
Bgeney whatever, yet it pulsates with a vigour not to be 
gainsaid. 

But the contradiction ia only apparent. The student of 
Physiology must expoct to meet with such at every stage of 
inquiry. Extending his investigations into the vast field of 
animal life, he will gradually learn that Contractility is one 
of the vital properties of tissue, which may be excited by 
various stimuli. We happen to know with tolerable cer- 
tainty, that, in the heart of the complex animal, the stimulus 
acts through the agency of a Dcrvous system ; in the embry- 
onic heart of that animal, or in the permanent heart of 
simpler animais, we do not know the agency by which the 
stimulus is conveyed, nor do we know what the stimulus is. 

Before quitting this beating heart, we may remark, that 
while on the one hand the pulsations are not in themselves 
evidence of life, on the other hand their cessation is no evi- 
dence of death, but only one among the many signs of 

When death follows on a long or painful illness, the 
irritability of the heart vanishes almost with the vanishing 
breath ; but if the decease be sudden, the heart will continue 
beating for some time afterwards, Harless observed it 
beating in the body of a decapitated murderer one hour after 
the execution. Margo found the right auricle beating two 
hours and half aller the execution, although not a trace of 
irritability could he detected in the other parts of the heart 
Dietrich, Gerlach, and Ilerz, found that both ventricles con- 
tracted, if one were irritated, forty minutes after death.* 
Bemak obsei-ved the rhythmio contractions in the hearts of 

• DoHPtu : PhfsloUifli, L tB. 
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birds and mammals two days after death ; and Em. Kous- 
seou mentions that a woman's heart had these rhythmic 
movements sevcn-and-twenty hours after she had been 
guillotined. 

It 13 not always, indeed, that the pulsations cease even 
when the death has been gradual. Vesalius had a terrible ex- 
perience of it. That great anatomist, who had nobly braved 
so much odium because he would not, as his predeeessors 
had done, content himself with the dissectionof animals, but 
suffered his scalpel to traverse the eomplesitics of the human 
frame, one day opened the body of a young nobleman, whose 
medical attendant he had been, to ascertain, if possible, the 
cause of his death. Imagine the horror which ran through 
all present at the sight of the heart atiU equably beating ! 
VeaaliuB was accused of having dissected a live man ; nor 
was the accusation unreasonable in those days. Ho had to 
' appear before the Inquisition, and narrowly he escaped with 
I his life. A pilgrimage to the Holy Land was his punish- 
F Uient ; but he never outlived the scandal created by this 
unfortunate occurrence, 

6. Action of the Arteries. — Having made ourselves ac- 
quainted with the action of the heart, let us now inquire 
klttto its influence on the circulation. Every time the blood 
Is pumped into the arteries a pressure is e.verted, the force 
of which is estimated at thirteen pounds. This pressure, 
being on a column of liquid, it will, by the known laws of 
hydrostatics, not only drive that liquid onwards, but wOl 
also cause a great lateral pressure, and thus distend the 
arterial tubes. These tubes are eminently elastic, owing to 
the elastic tissue of their outer walls. They are also emi- 
nently contractile, owing to the muscular tissue of their 
inner walls. The elasticity is a physical property, and con- 
ftrjl'ixiM &f^ death. The contractility is a vital property, and 

m i3> 
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voaishca with the disappearancB of the moiecular changes 
of Nutrition. 

Although the arteries are elastic and contractile through- I 
out their whole length, they are ao in varying degrees : tha J 
elasticity docreaaea, and the contractility increases, as the J 
vessels become smaller in calibre. What follows "i Why, f 
that when fresh blood ia impetuously poured into them iron .1 
the heart, it dilates them ; and no sooner is the pressure 1 
taken off by the reopening of the ventricles, than muscular I 
contraction once more restores the artoriea to their former { 
size, and in bo doing forces the column of blood onwards. 

The heart's infiuence is thus decomposed into two pop. J 
tions : one, which is of momentary duration, lasting no. 1 
longer than the contraction of the heart ; another, which v J 
occupied in expanding the artery. This second action itm 
not lost, because the contraction of the artery gives it ba<iV 
to the blood. At eadi injection of blood there is a pulsft- 1 
tion. The distension does not occur at the same instant i 
a1I the arteries; those nearest the heart yield first, and thoso I 
more distant a little later. There is, consequently, a loaire of 
dislensioft passing along the whole length of the vessel, and 
another wave of motion in the blood itself. The interval o 
wave-motion from the heart to the wrist is only one-sevendi I 
of a second, 

7. Action of the Capillaries. — The sudden push j 
continuous pressure which the column of blood thus receives, 
suffice to carry it with great velocity to the network of capil- 
laries, which, bo it observed, are elastic, but not oontractile. j 
In them a very noticeable change occurs. Instead of th< 
ruihing, leaping movement, which characterises the flow in \ 
the arteries, we observe an eqimhle current of much leas 
vdodty i it no longer jots like a spring, it wanders like a j 
Aanal. The absence of contractility in the capillaries pro- j 
vents their assisting in driving the blood onwards; i 
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when we reflect that the capillary area traversed by the 
blood ia^we hundred times greater than the arterial area, and 
further reflect that, after having traversing the capillaries, 
the blood has to pasa through the veins to the heart, we shall 
understand why it has been held that some new force ori- 
ginates in the capillary area capable of eflccting such a 



What is that new force which comes into play when the 
force of the heart is nearly spent ? A perfectly satisfao- 
tory answer to this question cannot, perhaps, be given in 
the present state of science; but we will give the hypothesis 
recently revived by Professor Draper.f He grounds It on 
a well-known physical law, namely, that if two fluids com- 
municate in a capillary tube, which have different degrees 
of afiinity for the walls of that tube, the fluid having the 
Iii^est affinity for the tube will drive the other fluid before 
The two fluids in t!ie blood-vessela are arterial and 
iTenous, and the greater affinity of arterial blood for the 
ues causes it to drive the venous blood onwards. 
Professor Draper commences by applying this principle 
the circulation of the sap in the cells of plants. 
* " The motions of the sap in plants are clearly dependent 
this principle. Leaving out of consideration the minor 
lovements which take place for special purposes, or at 
epochs in the development, it may bo truly said 
it the nutritive ckartge^ oeeiirring in the leaf are the pti- 
ae of the motion; for aa the ascending sap presents 
the sky-face of the lejif, it receives carbon under 
influence of the sunlight from the air, and becomes eon- 
into a gummy glutinous liquid. And just as in the 

tea <*e idspt ths ssKgotion offereil In the note to {lage 260. 
t Db*p«b: ffufflon J'iyniflJoJff, ISSe, p. 142 et leq. Ths Idei was casually 
Ottown DDtb7 Mei,LEli, pud elaburately argDvd by Alisiir: Ou^fnei a/fhyt^ Sd 
sd. p. m «l H9. It is reitaud hj Ueapiii nitb great IngenalCj. 
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pores of a bladder, or in those of any pervious mineral, pure 
water will drive out gum water, and occupy the pore, so 
will the ascending sap expel the gummy solution from the 
capiUary tubes or iDtercellular spaces of the leaf. As last 
as this takes place the active liquid becomes inactive, by 
itself changing into a gummy solution, and the movement 
is perpetuated. And this ensues not only in the leaf, but in 
every part of the plant ; the liquid to he changed presses upon 
that which has changed, and forces it onwards." 

The motion of the blood depends on the same principle. 
The apterial blood, charged with oxygen, passes to all parts 
of Iffie body in search of organic particles, for which it haa 
affinity. No sooner is this affinity satisfied, than the blood 
becomes venous, and is pressed onwards by the eager 
column behind, " In my view of this subject, it is tfaei-eforo [ 
the arterialisation of the blood in the lungs which is the 
cause of the circulation. I consider the circulation as the 
consequence of respiration ; and though, in one sense, the 
minor causes are numerous, each portion of nervous material, 
each muscular fibre, every secreting cell, working its own way 1 
— those subordinate actions are all referable to one primordial 1 
act, and that is, the exposure of the blood to the air." Pro- I 
feasor Draper then refers to the fact that whatever interferes 
with respiration interferes with circulation. If an unbreath- | 
able gas is thrown into the cells of the lungs, the passage of ' 
the blood is instantly arrested, and suffocation occurs. If tbe 
access of air be prevented, as in drowning, in vain will the 
heart throb convulsively — the blood ia not driven forward. 

Professor Draper's hypothesis, then, ia briefly this : tlie 
arterial blood haa an affinity for the tissues, which causes it 
to press forwards in the capillaries ; and no sooner is that 
affinity satisfied, than the blood becomes venous, and is 
pressed forward by the advancing column. In the lungs, 
venous blood presses forward to satisfy its affinity for the ^ 
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oxygen which is ia the air. Having Batisficd this, and 
become arterial, it is pressed on by the advanoing column. 

If the reader will station himself at the door of a theatre, 
and watch the column of eager playgoers struggling to get 
to the money -takers, he will see an image of the forces of 
the circulation. Each visitor is anxious to put down his 
half-crown in exchange for a ticket. No sooner has he satis- 
fied that " aifinity," than he finds himself pressed forward by 
the man behind him, still in a state of unsatisfied afiinity ; 
and so the rush continues. An image is not an explanation, 
but it may render an hypothesis more intelligible ; and 
having attempted to make Professor Draper's hypothesis 
intelligible, we will add, by way of criticism, that it has one 
serious defect. It rests on the notion of chemical affinity, 
yet chemical affinity acta only at insensible ^stances, and 
here the distances arc gensible. That liquids should circulate 
in a tube, when one of them has a greater affinity than the 
other for the walls of that tube, ia not evidence that the 
liquids will circulate in a tube in virtue of an affinity sup- 
posed to exist between one of them and the tisauea outside 
the tube, because these tissues, being at sensible distances, 
cannot esert their affinity. If instead of " affinity " we 
substitute " leakage "- — if we remember that the action of 
endosmoae is necessarily set up between the blood and the 
tissufr-plasma, the hypotheaia may be more acceptable. 

Spallanzani, in his celebrated MSmoirea »ttr la Respiration, 
relates that, when snails were confined in vessels, and had 
absorbed all the oxygeji from the contained air, the move- 
I* tnent of their lungs ceased, and with it ceased all movement 

the heart — the circulation waa arrested. He had only to 
remove the top of their shells, which could be effi'cted 
without injury, and the phenomenon was easily watched. 
By keeping a snail thus confined, at a temperature gradually 
■diminishing, the gradual diminution of the respiration and 
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circulation became very evident. When the temperature 
fell to zero, the heart ceased to beat altogether, and the blood 
was stagnant in the veins. In this state of suspended ani- 
mation the animal was kept for several hours ; but on raising 
the t«niperature, the lunga began once more to inflate, the 
heart to beat, the LIoikI to circulate ; and, as in the palace of 
the Sleeping Beauty, all was virid activity where a minute 
before all was the image of death. 

" The hedge broke [n, the banner blew. 
The buller drank, the Blewnrd sarawl'd, 
Tbe fire shot up, the iDBctin.Scv, 
The parrot acreun'd, the peacock squidl^d, 
The maid and page reaewcd their ^rife, 
The palnce biing'd, and bu2z'd, and cladit. 
And all the long-pent Etrevn or life 
Dasb'd downward in a cataract" • 

The same effect of torpor was produced by iho absence 
of oxygen and the absence of heat, Spallanzani placed a 
snml in a vessel containing mephitic gas. In eleven minutes 
the heart was still, and remained so during five hours. On 
reintroducing atmospheric air the lungs once more began to 
move, and life returned. To prove that it was the oxygen 
of the air, and nothing else, which caused this reanimation, 
Spallanzani repeated the esperiment, substituting nitrogen 
gas for atmospheric air, as the replacer of the mephitic gas ; 
but no movement was visible. Thus it appeared that tha 
animal ceased to breathe because it had ceased to absorb 
oxygen. It ceased to absorb oxygen under two conditiouO'— 
when there was none present in the wr, and when the tela- 
perature was too low — the absorption of oxygen being 
always in a direct ratio to the temperature; and under both 
conditions the cessation of the absorption of oxygen was 
followed by the arrest of the circulation. 

Viewing the Circulation in connection with Respiration, 
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we 8oe many arguments favovirabie to Professor Draper's 
hypothesis ; hut that there are some difficulties not easily 
recoucilahle with that hypothesis, cannot be denied. For 
the present, however, it ia enough to have mooted the ques- 
tion, and to have touched on some of the difficuitiea in the 
way of our accepting the heart as the sole agent in propel- 
ling the blood, " The relation between the interspaces of 
the capillaries, and the blood thus introduced to them, con- 
tinues the current. The oxidising arterial blood has a high 
affinity for those portions that have become wasted ; it effects 
their disintegration, and then its affinity is lost. The various 
tisBuca require repair ; they have an affinity for one or other 
of the constituents of the blood ; they take the material 
they need, and their affinity ia satisfied ; or secreting cells 
ori^nate a drain upon the blood, and the moment thoy have 
removed from it the substance to be secreted, they have no 
longer any relation with it. So processes of oxidation, of 
nutrition and secretion, all conspire to draw the current 
onwards &om the arteries, and push it towards the 



e have now brought to a close our survey of the 

and causa of the Circulation, and assigned to each 

labourer in this difficult field of research his share in the 

work. As an episode in the History of Science, the dis- 

I covery of the circulation will always command the interest 

I of readers ; and if the foregoing sketch has had the good 

I fortune to secure the attention of any medical readers, we 

' liope it may have the further effect of inducing them to 

1 carefully through the immortal works of William 

I Habvkt.| 






■r. E. Willis, and pnbHsbea 
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Several times in the course of our exposition we have 
been forced to allude to the passage of the blood through 
the lungs, and the changes there impressed on it. Indeed, 
without such changes blood could serve no purpose in the 
organism. Respiration is the mainspring of animal exist- 
ence. In the next chapter we shall attentively examine it. 
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I A FEW years ago a young Frenchman, named DM, finding 
iaa hopes of making a figurein the world were daily becom- 
ing more chimerical, resolved to die ; and that he might not 
quit the world without producing some " sensation," he left 
thiswrittenaccount of his dying moments ; — " I have thought 
^It useful, in the interest of science," he wrote, " to make 
[Down the effects of charcoal upon man. I place a lamp, a 
mdle, and a watch on my tabic, and commence the core- 
nony. It is a quarter past 10; I hove just lighted the 
; the charcoal bums feebly. 
" Twenty minutes past 10 : the pulse is calm, and beats 
It its usual rate. 

"Thirty minutes past 10: a thick vapour gradually 
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fills the room ; the candle is nearly extinguished ; I begin to 
full a violent headache ; my eyea fill with tears ; 
general sense of diecoiufort ; the pulse is agitated. 

" Forty minutes past 10 : my candle has gone out; the 
lamp Btill bums ; the veins at my temple throb as if they 
would burst ; 1 fell very sleepy ; I suffer horribly ii 
Btomaoh ; my pulse is at S0°. 

" Fifty minutes past 10 : I am almost stifled ; str 
ideas assail mo. . . 1 can scarcely breathe. . . I shall not: 
gi) far. . . There are symptoms of madness. 

" Sixty minutes past 10 : I can scarcely write. . . My 
sight is troubled, . . My lamp is going out, . . I did not 
think it would be sueh agony to die, , , 10. , ," Here fol- 
lowed some quite illegible characters. Life had ebbed, 
the following morning he was found on the floor, a corpse, 

A few hours later, she whom he loved, and who lovea 
him, hears of this rash act, which annihilates even hope. In 
her despair she flings herself into the dark and sullen Seine. 
The next morning a corpse b exposed at the dreadfill. 
Morgue. The casual spectator gazes on it with undefinablft 
awe, as he thinks of the stillness of that wondrous orgsnismf 
which but a few hours before was so buoyant with life 
Where is all that mystery now 1 The body is there, thft' 
form is there, the wondrous structure is there, but where '» 
its activity ? Gone are tho graceful movements of thoW 
limbs, and the tender sweetness of those eyes ; gone thft' 
rosy glow of youth ; gone the music of the voice, and th» 
gaiety of the heart. The mystery of Life has given place to 
the mystery of Death. 

What has thus suddenly arrested the wondrous mechaiK 
ism, and, in the place of two palpitating, vigorous beinggy 
left two silent corpses 1 The cause seems so trifling thatw*'. 
can only marvel at its importance, when revealed in tho 
effect ; it was the same in both cases, in spite of the differ- 
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ence of the menus ; that wLieh killed the one, killed the 
other ; the fumes from the charcoal pan, and the rushing 
vaters of the Seiuo, interrupted the exchange of a small 
quantity of gaaes, and by preventing the blood from getting 
rid of its carbonic acid, in exchange for an equivalent of 
oxygen, the fervid ■wheeh* of life were suddenly arrested. 

To get rid of its carbonic acid for an equivalent of oxygen 
' — that IB to say, to make a slight exchange of gaaes — seems 
& very trifling process j and only the improssive lesaons of 
tragic experience can persuade men that this process is ex- 
tremely important. Every child knows that we must have 
air to breathe ; every one knows how unpleasant it is not to 
have /reffA air to breathe ; but the mass of mankind have no 
conception that air which is not fresh, is as bad as poison. 

A very painfiil iUustratJon of this ignorance is afforded 
by the calamity which occurred on board the " Londonderry," 
II « steamer plying between Liverpool and 81igo. On Friday, 
1 December, 1848, she left forLiverpoo!, with two hundred 
on board, mostly emigrants. Stormy weather 
me on, and the captain ordered every one to go below, 
s cabin for the steerage passengers was only 18 feet long, 
1 fbet wide, and 7 feet high. Into this small place the pas- 
B crowded ; they would only have suffered in- 
oovonience, if the batches had been left open ; but the cap- 
tain ordered these to be closed, and — for some reason not 
explained — he ordered a tarpaulin to be thrown over the en- 
^uice to the cabin, and fastened down. The wretched pas- 
were now condemned to breathe over and over 
^Igain the same ^r. This soon became intolerable. Then 
occurred a horrible scene of frenzy and violence, amid the 
groans of the expiring and the curses of the more robust : 
tliis was stopped only by one of the men contriving to force 

Ibia way on deck, and to alarm the mate, who was called to 
p: fearM spectacle ; seventy-two were already dead, and 
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many were dying ; their bodies were convulsed, the blood 
starting from their eyes, nostrils, and ears. 

The cause of this tragedy was owing to the ignorance of ' 
the captain and his mate. They had never learned the vital ] 
importance of fresh air. They had never been taught, that | 
air whiii had once been breathed, cannot be breathed over 
again without injury ; never been taught the fact, that air 
whidi has once passed to and fro in the lungs is vitiated,' ] 
and that vitiated air is as bad as poison. 

It is the same cause, acting with milder force, whi(& J 
makes the faces pale of those who issue from a crowded, f 
churcli, and gives a languor to those who have sat for somv I 
hours in a theatre, concert-room, or any other U!-ventilatedi 1 
apartment, in which human beings have been exhaling caiv i 
bonio acid from their lungs. A breath of fresh air quickly^ ■ 
restores them, and alYer breathing this fresh lur, during m t 
walk home, they scarcely feel any evil results of the late' ] 
partial suffocation. Had the young man's door been bursb J 
open, and fresh air admitted to his room, or had the girl 
been rescued from the river, and made to breathe within a 
few minutes after her plunge, or had the hatches been bi 
open in time, all these victims would have been finally r 
stored, as our ooncert-goers are restored ; and the conce 
goers, if kept much longer in that ill-ventilated room, would^ 
have perished as the others perished. 

Among the earliest experienoea of mankind mus 
been the necessity of fresh air for the continuance c 
but the complete esplanation of the fact, in all its detiuls i»' 
a scientific problem, the solution of which only began to h 
possible when Priestly discovered the gases of which the a 
is composed, and the relation these bear to the org 
nor is the problem even now entirely solved, in spite of tl 
labours of so many illustrious men. We have learned mucfa^'] 
and learned it accurately ; but the difficulties which Btilld 
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baffle us are many and considerable. The ancient-s really 
knew nothing "of this subject ; nor did the men of the eix- 
teenth and seventeenth centuries lay any solid foundation- 
stone. That was laid by Priestly, when he discovered the 
^ygen contained in atmospheric air to possess the property 
ofoonverting venous into arterial blood. Lavoisier carried 
out this discovery, and founded the chemical theory of Res- 
piration. Goodwyn (1788) applied the new view to As- 
phyxia (Suffocation), showing, by a series of experiments, 
Hiat when air was excluded, venous blood remained un- 
dianged ; and when it remained unchanged, death inevitably 
followed. Bichat concluded from a number of striking ex- 
periments, that an intimate relation existed between Hespi- 
Jdtion, Circulation, and Nervous Action ; he showed how 
ftihe access of venous blood to the hrain stopped its action, 
^md subsequently stopped the action of the heart.* Legal- 
lois extended these observations to the spinal chord. But 
"by far the most brilliant investigations on the subject of 
Respiration are those of Spallanzani, whose Mimoires still 
deserve a carefiil study, both as models of scientific research, 
as storehouses of valuable facts. He was succeeded by 
F. Edwards, whoso Injluence dea Agem Physiques iiur 
ib Vie (which may be found on the old book-stalls for a 
iple of shillings) still remains one of the best hooks the 
ience cmi boast of. During the present century, hundreds 
physiologists have devoted labour to the elucidation of 
s difficulties which darken this subject, and a vast 
lion of valuable facts has been the result. The chief 
yojnta which have been cleared up we may now endeavour 
to ejthibit.f 

* elude Beraird luu reo^nUf thown tliat venous blood li noJ pofsanoiu, iil- 
mut be DtharwtHi InCer^med.— Bebnabii, Liquidea de C OrgaHismt,i. 90T-18. 
ant axpoiltiini : SFALLinuHi : Mimalrti (ur ta St»piroU<m ; Edwabds 1 I>t 
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1°. T}'e Air we breathe. — In Respiration there are twtf 
objects to be considered, namely, the Air 'whieh is breath* 
and the Breathing-ineehaniBtn. This air, which no man e 
tee, is neverllielesa a very matoriftl substance. We sti 
cushions with it ; and the ebemista analyse it into welfc 
known substances. It forms an attnoaphericoceaiiforty^va 
miles in depth, surrounding our planet, and whirling widt 
it, as it whirles around the sun. It is an ocean subject to 
incsssatit fluctuations, or tides, as we may call them. Liks 
the other ocean it carries a variety of substances in its re* 
less currents, but preserves a constant composition of iW 
own, not affected by these substances. It is chiefly com^ 
posed of two gases — Oxygen, which fornia about one-fifth,' 
and Nitrogen, which forms nearly the remaining four-fifthsj 
that is to say, there are twenty-one parts of Oxygen I 
seventy-nine parts of Nitrogen. But besides these, there 
always a, fraction of carbonic acid gas even in the purest a 
mospheric air : at ordinary elevations there are about two' 
parts of carbonic acid in 5000 parts of air ; so that we may 
reckon this gas as forming the jjVi cif ^^'^ atmosphera' 
There are also traces of ammonia, but they are very slight' 

The air of inhabited rooms, or of caves and dungeott%* 
although constantly tending towards the standard of oomp 
sition, is, of course, subject to great variations. The res] 
ration of animals and plants, and the decay of oi^nic mi 
tcrs, incessantly alter the composition of the i 
places, and unless these alterations be quickly countt 
by free access of fresh air, the result is an atmosphere injv^ 
rious or unhreathahle. The air is vitiated by its proportioff. 
of oxygen being lessened, and its carbonic acid increased/ 

tliJIiitiKe^et Agent lAysl^Heietir la rit; CuirM Biiiis*«D: Letmtli 
^1^ det Sabilancm Itiriguf! ; Mii.iciEdv>eii6: Lri^aaimr taPhy:iitrA»^ 
Camp.; Lihhakh: PhynialagitrAe Chrmit; Dr. Job* Skid's »rtlole SiMpI/^ 
tiim Id tbe Cgi^padia i/f Anet nnd P/tgi. ; and tho TroltHS on I'lifilulDgr W 
Blaua>, MCiUB, Ynvarmi, Lomofi, Pohfs, ind Vainn, alrsBdj elted. 



THE BREATHIKG 

''it may be vitiated by other causes, such a 

.'^jiirious gases and effluvia, but the chief cause is the one 

named. 

When we breathe, and bum eandlos, or lamps, in a 
'moom, the breathing and the burning have a similar bad 
tlie air, robbing it of oxygen, and loading it with 
■bonic acid ; there is neither breathing, nor burning of 
tandles, without these effects. When Dalton analysed the 
.^or of a room in which, during two hours, fifty candles had 
been burning, and five hundred persons breathing, he found 
'i^t instead of the proportion of carbonic acid being only 
■pro gallons in five thousand of air (which would have been 
the proportion in the air of the street), it -was not less than 
one gallon in every hundred ! This air woidd soon have 
become unbreathable. Leblanc analysed the atmosphere of 
three hospitals in Paris, and found that it contained five, 

and twelve tim^ as much carbonic acid as the air of 



^ten, 
^ atBi 



2°. The BTealhing-meehanism, — Before describing the 
tn^ans by which we breathe, it will be necessary first to 
define what is meant by breathing. It will perhaps strike 
some readers as an idle question, to ask What is Respira- 
tion 1 And yet until a distinct answer to that question is 
given, there can be no philosophical comprehension of the 
presMit subject ; and as the purpose of these pages is to 
furnish philosophical stiidents with material for reflection, no 
than to furnish explanations of vital processes, we must 
leavour to answer this question. 

Reduced to its simplest terms, Respiration appears to be 
B than the interchange of carbonic acid and oxy- 
which takes place between the blood and the atmosphere. 
analysis comes down to this ; and yet we shall be led 
rror if we accept this as the true answer to our ques- 
for this is the physical fact implied in the process, it 
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is not the vital funedon itself, lliia physical fact is 
only manifeatfd by the breathing apparatus, but by evM^ 
tissue in the body, even when it is separated from the body. 
Take a fragment of nauscle, rid it of its blood, and leave Vt 
exposed to the atmosphere ; it will absorb oy.vgen, and give 
out carbonic aeid. But no one would say that the muscle 
breathed ; because breathing is an animal function, not 
mere interchange of gases : a function dependent upon. 
interchange, but dependent also on the organic apparatiw 
which performs it. We arc thus led to distinguish betwoeH' 
Respiration as the Function of an apparatus of organs, 
that interchange of gases which is merely a Property of Uw 
tissues. 

In the higher animals we see this ^Function performed 
by two different organs — gllla and lungs. In both o 
we liiid that a large quantity of blood is exposed to the a 
by means of a network of vessels spread over the a 
The blood arrives there black, and passes away scarlet. 
has exchanged some of its carbonic acid for some of the ox 
gen of the air ; it has become changed from venous into 
arterial blood. This oxygenation of the blood is therefoiw 
the special oHicG of Respiration ; and although all animals 
exhale carbonic acid and absorb oxygen — although every 
tissue does so — yet we must rigorously limit the idea of 
Respiration, as an animal Function, to that which takes plaoQ 
in the gills or lungs. True it is, that the simpler animala 
effet-t such exhalation and absorption by their general tue-r 
face, and nut by any special modifieation of it — such as giUfl: 
or lungs ; true it is, that even fish and reptiles, furnishai' 
with gills, also respire by their skin ; and that, when tbf 
lungs of a frog are removed, the necessary oxygenation G 
the blood may be effected through the skin, if the t^npecA* 
ture be low ; nay, it is also true, that even man himstell^ ii 
a alight degree, respirfs by the skin ; so that the studeo 
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tracing upwards the gradual complication of the organic 
apparatus, and fmiing, _firtt, the whole of the gejieral auriace 
effecting the aeration needed ; secondly, a part of the surface 
formed into a gill, in which aeration ia far more active ; 
'Utd, finally, finding this gill replaced by a lung, may be 
■tempted to say, " If the aeration of the blood is the office of 
Beapiration, and if this is effected in aoraa animals by the 
akin alone, in othera by the skin and the gills, and in others 
principally by the lungs, but still in a alight degree also by 
tbe skin, how can you pretend to establish a distinction 
other than a simple distinction of degree ; how con you ex- 
'pect me to lay much stress on a verbal difference such as 
that between Function and general Property of tissue ? " 

la reply to this plausible objection, we must observe that 

in science verbal distinctions are often ertremely important ; 

tiiey keep attention alive to real, though subtle, distinctions. 

It is difficult to keep such distiitctions, for, as Bacon says, 

" words are generally framed and applied according to the 

conception of the vulgar, and draw lines of separation ao- 

ig to such differena^s as the vulgar can follow : and 

a more acute intellect, or a more diligent observation, 

to introduce a better distinction, words rebel." In 

physiological language, no animal without blood ought 

be said to breathe; for Respiration in such animals is not 

Tected by a special apparatus of breathing organs ; and in 

lyaiolc^y the idea of Function it inseparably connected 

ilh that of Organ, as the Act is with its Agent. Professor 

irard says that, penetrated with the idea of a special organ 

ne^aary for Respiration, he experienced a singular 

ippointment in reading the esperiments of Spallanzani, 

h proved that every tissue of the body absorbed oxygen, 

gave out carbonic acid ; and he " only recovered his 

intentment on perceiving that the essence of Respiration 

this intendiange of gases, so that, wherever a 

13 
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nutritive fluid was in eont.iot with the atmosphere, Resj 
tion must take piaee." Here the professor seems to u 
have made an oversight, confounding the general with the 
particular, os eompletely as if a savage visiting England, and*! 
observing the transport of men and goods by railways, s 
" penetrated with the idea of a special method of traJi^t b&-'« 
ing necessary," were afterwards to observe that vans, cartel 
and wheelbarrows also conveyed goods, from which ham 
would conclude that the essence of transport being the re- -I 
moval of goods from one place to another, every n 
transport must be a railway. The interchange of gase^ ^ 
like the transport of goods, may be efliscted by ' 
means, but we only call the one Respiration, when it is 1 
effected by gills or lungs; and the other Railway tranut; i 
when it ia effected by Railways, Professor Berard n 
right in conceiving that a special oi^an was necessary for ' 
Eespiration ; ajid his error arose from confounding lite J 
action of the organ with the resiill of that action. R^pira-l 
tion effects the interchange of gases, and the aeration of the m 
blood, by means of a peculiar organic apparatus, withoufcfl 
which the due aeration would not take place in the hig) 
animals. In the simpler animals this apparatus is not neddif 
ed, because the nutritive fluid, being easily accessible, rft-a 
quires no apparatus to bring it into contact with the air J.I 
but no sooner does the organbm become so complex that ft 
direct aeration of the nutritive fluid ceases to be possible, I 
than an apparatus is constructed, the function of which ia tafl 
effect this aeration. In the gills and lungs we see such ait | 
apparatus. ^ 

Unless distinctions like these are established, Respirft-f 
tion ceases altogether to bo a vital process j and every intep-v 
change of carbonic acid and oxygen, no matter where efteabl 
ed, will have an equal claim to be designated as a respir»-'l 
tory act. Therefore, as it is of the first importanoe ii 
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physiologieal inquiries to keep constantly in view tho part 
played by the orgnnisin in modifying physical laws, the 
philosophic reader will see at once that any Tcrbal distinc- 
tion which aida us in this must lae of advantage. 

If now wo ask, What is Respiration 1 the answer will 
be this : The fnnr-tion of the lung» or gills, by means of 
which the Mood absorbs oxygen, and parts with carbonic acid 
and some other noxious elements. Oxygen is the great 
inciter of vital changes ; its presence is the indispensable oon- 
dition of life. It is at once iiiel and flame : it feeds, and 
It destroys : constantly withdrawn from the blood by the 
ceaseless activities of vital change, it is as constantly drawn 
into the blood by the process of Respiration. If the blood 
rushing through our lungs does not meet there with a sup- 
ply of oxygen, the torrent carries to the tissues venous in 
lieu of arterial blood, and the consequence is an arrest of all 
the vital changes. If in passing through the lungs the blood 
only meets with a small supply of oxygen, an imperfectly 
arterialised fluid is carried to the tissues, and a partial ar- 
rest takes place, which is seen in the diminished vigour of 
the organism : all the functions are depressed ; and if this 
depression continue, death arrives. 

That oxygen does play this life-giving part, is familiar 
to all readers j but I will here cite two illustrations for the 
.take of their intrinsic Interest. The chick inside its shell 
develops only when tho air can penetrate the pores of that 
shell. If a varnish be rubbed over the surface of the shell, 
development is arrested ; and although it appears that even 
Tarnish does not utterly present the penetration of gases, 
yet it so considerably diminishes it that the chick cannot 
develop. It ia noticeable, moreover, that th^precise point 
at vrhich the development ceases, is that of the establishment 
«f the first circulating system, when the vascular area begins 
li*) fbrm. If one of these varnished e^s be freed from its 
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i-amish, nnd once more placed under tlie hen, it will develop,* 
Here we observe the abseace of oxygen causing a complete 
arrest of vital changes. In the following case, we sliall see 
the reverse, namely, vital changes going on under free access 
of oKygen, with no other stimulus that can be detected. The 
case is so remarkable that I have thought it right to verify 
It by repeating the experiments several times, 

SpuUanzani, and after him numerous physiologists, found, 
that if the tail of a tadpole were cut off, it grew again rapid- 
ly. M, Vulpian thought of inquiring what became of the 
tail thus cut off? and he found that not only did it live 
many days ; but it eshibited activity and development ; it 
wrlf^led when touched, or when exposed to the air, and it 
developed new parts, as well as new forma. f ! cannot say 
that I was fortunate enough tu observe all the curious facts 
recorded by M, Vulpian ; but respecting the main fad, 
namely, that the cells daily pass from their rudimentary 
state into that of actual muscle fibres, vessels, and pigment 
cells — in a word, that a regular process of development 
takes place — 1 can confirm his stiitement. These t^ls 
separated from the organism are without food, and the 
means of procuring food ; yet the free access of os^gen is 
sufScient for a time to keep up the process of vital change. 

To absorb oxygen is an animal necessity. The Blood, 
which is the great agent of Nutrition, must constantly be 
supplied with oxygen from the air. 

It matters not whether the animal lives in air or in 
water— the real respiratory medium is always the air — 
for water, deprived of its air, or of its due proportion of 
oxygen, is as fatal tu aquatic as to terrestrial animals. It 
matters not by what organ or surface the respiratory ex* 
iptaet 



change takes plai 



i always a twofold act of exhalation i 
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of carbonic acid on the one hand, and of absorption of oxygen 
on the other. 

The variety of respiratory organs is great. In the 
Mollusca we find some kinds having no " organs " at all ; 
some kinds having gills, others having lungs, and one kind 
(^Oncidi'um) having both gills and lungs; In the Crustacea 
we find rudimentary gills. In spiders there are both gills 
and lungs. Fish have only gills. Frogs, toads, tritons, 
and salamanders begin life with gills, which disappear and 
give place to lungs. Reptiles, birds, and mammalH, have 
lungs of different degrees of complexity. 

Animals are said to breathe by their skin when the air, 
either in the water or as atmospheric air, comes in contact 
with the moist akin in whicli the blood is circulating, 

Gill-Reapiraiion is effected in a similar way : the water, 
Tusj^ng over the delicate surface, parts with oxygen, and 
takes up carbonic acid. 

In Lung-Rctpiraiion the air is no longer outside, but in- 
side the organ: it is drawn in from the atmosphere; the 
exchange Is effected in the oi^an, and the altered air is then 
driven out, to be replaced by fresh air. To understand the 
mechanism of Pulmonary Respiration, let us commence 
with an examination of the Water Newt {Triton), which 
presents us with the simplest form of the lung, and will 
therefore best enable us to understand the more complex 
forms. On opening the chest of this Newt, recently caught 
irom a neighbouring pond, we observe two elongated air- 
sacs of thin membrane : these are the lungs. 

Let us remove one of these sacs, and place it under the 
microscope. This is what we see : A delicate membrane, 
down oue side of which we observe the pulmonary artery 
a, and running up the other side, the pulmonary vein i ; 
between these trunks, we observe smaller branches and 
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innumeraljle sapillaries, the meshea of which are indicated 

by the white spots. 

yj jg After the air has entered the windpipe it 

passes into thia sae, and there comes in contact \ 
with the delicate blood-vesaels, through tlie 
walls- of which the oxygon passes freely into 
the blood, and the carbonic add passes out of 
the blood. How will the air, which is now 
in the sac, and which la vitiated by the presence . 
of carbonic acid, and the loss of oxygen, be 
got rid of, to make way for fresh air ? Simply 
by a contrat-tion of the auimil's abdominal 



muscles, ll 
u watch a j^ 
e Trito 



jar of w »tcr, 
you Will sei) 
this Lonti-ac- 
tion, ind the 
^ bubble of 

(aRsi Wsgaer). gtS, W hich la 

Let US now take a live 
Triton, and e\<uniuc its 
lungs under a niagmfyuig 
power of 150 djamtttrs , 
wa can only see a vtry 
small bit at a time, but 
that bit will show us tin 
circulation in tht. capillar \ 
net-work — a w ondxou 
■pectacle, indeed. 

The lung of a man is 
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le more than a repetition, on a large scale of this very 

scheme : a myriad of small alr-socs are crowded together in 

' the cavity of his chest. The Trachea, or windpipe, divides 

and subdivides into a nmuber of l/ronekial lubes, which, when 

inflamed, as in violent colds, are the seat of the disease so 



Fig.m 




familiar to all — bronchilU. A glance at Fig. 20, c 
[ opposite page, copied from Dr. Dalton, will enable the reader 
[ to understand the relation of these tuliea to the lungs. 

The tubea are seen to end in little islets of lung-substance : 
[ these are the " pulmonary lobules." If we now apply the 
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ijilcTOseope, onch lobulu ia seen to be a cluster of air-cella 
Pi^ ^, (Fig- 21), of which, it is caJcu- 

latt'd that the human lungs pon- 
tnin six hondrpd millions. This, 
which is copied from Kolliker, 
is partly a, real and partl}r a 
k diflgrammatio rcpreaentation, 
a- It enaLles us to uuderstAnd how 
the iiir posses through the luroii' 
chial tube into the air-cells, be- 
tween which, and outside of 
which.runthc capillaries. Hiwo 
vessela are densely crowded J Ss 
may Ijo seen in Fig. 83, also 
from Kolliker, magnified sixty 
times. 

3". The Proress of Brealk- 

ing. — Having thus ascertained 

the chief points respecting the air breathed and the breathing 
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ran, we must now glance at the proceaa. When we 
breathe, we draw in the air by our nostrils, which pcoetrates 
the trachea or wind-pipe, from thence passing into the bron- 
chial tubes and tubelets, and fi'om themce into the air-cells. 
Here it yields part of its osygen to the blood, receiving 
carbonic acid in exchange. It was drawn in by a dilatation 
of the chest, and is driven out again by a contraction of the 
cheat, Soience has accurately measured the amount of air 
thus inspired and expired — namely, about 20 or 25 cubic 
inches each time. But we never empty our lungs by an 
expiration ; there is always a much larger quantity of ^r 
remaining in the Mr-cells j this quantity varying, of oourse^ 
with the force of the effort. Herbst found that, while 25 
cubic inches was the quantity expelled in ordinary quiet 
breathing, the quantity would rise to 90, and even 240 cubic 
inches, by very energetic efforts. It is therefore calculated 
that an adult man, with a well-developed chest, will retain 
about 170 cubic inches of air in his lungg, after each expira- 
tion, during ordinary breathing ; and as 25 inches will be 
added at the nest inspiration, there will be alternately 175 
and 200 cubic inches of air acting on the blood which rushes 
over the vast area of the lungs. The phrase " vast area " 

no exaggeration ; for smaU as the bulk of those organs 
truly is, the amount of surface on whieh blood is exposed to 

I air in them, has been calnilRted by Lindensu at not less 
than 2642 square feet. Is it not wonderful to reflect that, 

the course of a single year, 100,000 cubic feet of air have 
been drawn in and expelled, by something like 9,000,000 of 
separate and complicated artions of breathing, to aerate 

ire than 3500 tons of blood ? 

4°. Tighl-lacing. — ^The injurious effect of tight-lacing 
lias often been pointed out, and in England, at least, women 
^ve pretty generally learned to see the danger, if not always 
e hideousness, of those wasp-waists once so highly prized. 
13* 



2D8 BESPIRATIOIT ASD SUFFOOATIOS, 

A single fact elicited in the exporiLQeiils of Ilerbst will 
probably have more weight than pagea of eloq^uent exhorta- 
tion. It is this : the same man who, when, nuked, was ca- 
pable of inspiring 190 cubic inches at a breath, could only 
inspire 130 when dressed ; now, if we compare the tight- 
ness of women's stays with the tightness of a, man's dress, 
we shall easily form a conception of the serious obstacle to 
efficient breathing which stays must present ; and the in- 
jurious effect of this insufficient breathing consists, as we 
shall see hereatler, in its inducing a depression of all Ike 
vital fitnetions. 

5°. Alteration of the Air in Respiration. — In Respira- 
tion we draw in and give out a similar quantity of air ; but 
this air is by no means of iimilar quality. It has been 
altered — vitiated. The ancients hod no other notion of 
Respiration than that it served to cool the blood, as the air 
cools the heated brow. This is not its office. It serves to 
supply the indispensable conditions of vital changes, by 
removing carbonic acid from the blood, and supplying its 
place with oyxgen. The air which ia expired differs from 
that which was inspired : it has lost much of its oxygen, and 
has gained from 3 to 6 per cent, of carbonic acid, a laige 
amount of vapour, traces of ammonia, hydrogen, and vola- 
tile organic substances. The latter being very putreliable, 
gives a fetid taint to the moiiture condensed from the air on 
the window-paucfi, and to the moisture which soaks into all 
porous substances in the room. It was pure breathable air 
when it entered, and is now so vitiated that after a few- 
repetitions of the process it becomes unbreathablo. It is 
made unbreathable by the carbonic acid. 

It is not difficult to demonstrate the production of cai^ 
bonio acid in Respiration, Fig. 23 is an apparatus which 
tioautiflilly demonstrates it. • 

A bird is placed in the bell-glass a, which is reversed 
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A vessel of water, b, serves to estalilisli a 
current of air as the water flows out, and this current of air 
entsTing by the tuhe-s 1 3, which contain pumice-atone 
moisloned with a solution of potass, abandons tiiare its 
carbonic acid ; and the proof that it does so, is seen in the 
fact that it posses througli Liobig's apparatus c (in which 
there b lime water) mlhouC producing tllat milky appear- 
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ance which would result if any carbonio acid were present, 
because this carbonic acid would unite with tlie lime, and 
form the carbonate of lime, or chalk. From c, therefore, 
the wr enters the bell^lass entirely without carbonic acid. 
It is here breathed by the bird. The air which the bird 
espires passes from the bell-glass into the apparatus 9, and 
them it meets with lime-water, which it renders milky by 
precipitating chalk ; and thus proves that carbonic acid has 
been given out by the bird. 

If any one thinks that the carbonic acid may have had 
le other origin, he can convince himself by simply breath 
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ing through a glass-tube into a glass of lime-wnter : its ina 
taiieoua mllkiness will assure him that there was carbonia | 
acid in his breath. The quantity of this gas which is mo- 
mently thrown into the atmosphere by each individual, 
vvies occiiriling to sex, age, physical and mental condition, 
and according to the season of the year, and time of day. 
We ore constant^ exhaling carbonic acid, but not in con- 
stant quaatities. Men exhale much more than women ; 
during the ages of from 16 to 40 the quantity exhaled by 
men nearly doubles that exhaled by women of the same 
ages. In men it is observed that the amount gradually 
increases from the age of 8 to that of 30, making a sudden 
start at the period of puberty. From the age of 30 It 
decreases gradually, till at extreme old age the amount is no 
greater than it was at 10. In women, a noticeable pheno~ . 
menon* is observed ; the amount increases from iniancy to 
puberty, just as in men ; but at that epoch the increase 
suddenly ceases, and remains stationary till the change of 
life, when the amount increases. Besides such variations 
dependent on ago and sex, there are others dependent on 
the muscular activity and physical condition of the indi- 
vidual. The amount of carbonic acid exhaled during diges- 
tion is greater than that exhaled during fast, and greater in 
sunlight tlian in darkness. Wines, spirits, tea, oofiee, and 
narcotics, lessen the amount ; not, however, because Uiey 
interfere with the process of Respiration, but because they 
cause less carbonic acid to be produced by the organism. 

The exchange of these gases, considered simply as a 
exchange, is a physical fact resting on well-known physical . 
laws. There have been, and there still are, disputes as to < 
whether the gases are free in the blood, as in M-ater, or are 
in a state of slight chemical combination ; but the facility 
with wliich the exchange is Tiiade seems to be as great as if ■ 
tfaey were free. If blood be shaken in a vessel coataining i 
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', it will absorb from that air more than a tenth of ils 
vohune of oxygen. It ia then »nluTaled; and if now poured 
into a vessel containing carbonic acid, and there shaken, it 
will abandon almost all its oxygen, and absorb carbonic 
acid. This is a simple illustratiou of the interchange effected 
D the lungs and in the tissues ; for, as previously indicated, 
the delicate walls of the blood-vessels oppose no obstacle to 
this interchange. It is only necessary that the blood should 
be brought in contact with an atmosphere, or a fluid, of a 
ooraposition specifically different from its own. If we sub- 
stitute hydrogen for oxygen, the animal confined in a vessel 
containing this gas will be found to exhale carbonic acid with 
the same fiicility as when atmospheric air is breathed, 
animal can continue long to breathe hydrogen, simply because 
that gas does not furnish the conditions of vitality ; but 
while the animal breathes in hydrogen, the exhalation of 
carbonic acid is as perfect as at any other time ; thus show- 
ing that the exhalation depends on the diffeivjnce in the nature 
of the gases in the atmosphere, and in the blood. 

6". Ntcesiily of Ventilalion.—'Whan we breathe o" 
and over again the same air, we gradually vitiate it by the 
constant exhalation of carbonic acid, which gradually brings 
the air up to the point where the difference between it and 
the blood — as regards the proportions of carbonic acid — 
disappears. The blood ceases to be arterialised, and the 
vital functions are arrested. In vain does the air stili contain 
a qaantity of life-giving oxygen ; the blood cannot take it 
up, becftuse it cannot get rid of the carbonic acid, and it 
eamot gi>t rid of its carbonic acid because the c-onditions of 
the exchange are absent. To place an animal in air over- 
charged with carbonic acid, is equivalent to a gradual preven- 
tion of his breathing at all. Suffocation results from vitia- 
tion of the air in precisely the same manner as from inter- 
ception of the ^r. Although burking and gigging are 
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crimes whioh appal the public, that public seems almost 
ir.d:tf'.-r':r:t t«.» thr mil«ler form of the same murder when it 
is oallt^i ~ want :*f Tentilation.'^ In spite of the historical 
iiitamy of the Bla<:k Ilole at C^eutta. our prisons, hospitals, 
th-^atri^s, church»=^, and other public buildings^ were left dis- 
gracefully nejrlecte*! until, thanks to the energetic labours 
of our sanitary reformers, public attention was aroused. 
That thousands have been the victims of public ignorance 
on this important matter, may be shown by a single example. 
The deaths of new-bom in^ts between the ages of 1 and 
15 days, which in the Dublin Lying-in Hospital amounted 
in the course of four vears to 2944 out of 7650 births, were 
suddenly reduced to only '279 deaths dunng the same period, 
after a new system of ventilation had been adopted. Thus 
more than 2500 deaths, or 1 in every 3 births, must be 
attributed to the bad ventilation. 

In England the public is daily becoming more enlightened 
on the suljject of ventilation, although a dangerous indifference, 
springing from want of elementary knowledge, is stUl prev- 
alent, and taxes the patience of reformers ; but in the 
country where these lines are written, it is painful to observe 
that even highly cultivated men seem almost insensible to 
the importance of fresh air. The Germans sit for hours in 
low crowded rooms, so dense with tobacco-smoke that on 
entering you cannot recognise your friends ; and so vitiated 
is the atmosphere by the compound of breath, bad tobacco, 
exhalations of organic putrefiable matters, and an iron stove, 
diat at first it seems impossible for you to breathe in it. 
Even in their private rooms they breathe a hot, musty, diy 
air, which makes an Englishman gasp for an open window. 
It is true that after a while you get accustomed to the air. 
You also get accustomed to that of the smoke-filled tavern. 
On entering, you felt it would bo impossible to stay in it 
ten minutes; but in less than ten minucs it has become 
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I quite tolerable, and in hulf an hour scarcely appreciable. 
Kjf you quit tlie room for a few minutea, anJ return onca 
■ wore after having breathed fresh air, again jou perceive the 
■^^isouous conditiuu of the atmosphere, but again you will 
BgBt accustomed to it, and seem to breathe freely in it. 

Was this atmosphere really not injurious 1 op have your 
■sensations, like sentinels asleep, ceased to warn you of the 
tdanger ) To answer tliis, we will first bring forward sunie 
I'tttperimonts instituted by Claude Bernard on the influence of 
vitiated air (Fig. 24). A sparrow left in a beli-glaas to 
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and oTcr again the same air, will live in it 

C upwards of three hours ; but at the close of the second 

^when there is consequently still air of aufficient purity 

b permit lAis sparrow's breathing it for more than an hour 

-if afresh and vigorous sparrow be introduced, it will 

Ospire almost immeiJiately. The air which would suffice for 

the respiration of one sparrow sutTocates another. Nay 
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more, if the sparrow be taken from the glass at the close of I 
the third hour, when very feeble, it may be restored to I 
activity ; and no sooner has it recovered sufficient -vigour to 1 
fly about again, than, if once more introduced into tho atmos- 
phere from which it was taken, it will perish immediately. 
Another experiment points to a similar result. A spurrow 
is confined in a bell-glass, aud at the end of about an hour 
and a half it ia atill active, although obviously suffering: » J 
second sparrow is introduced ; in about ten minutes ths I 
new-comer is dead, while the original occupant flies about 1 
the lecture-room as soon as liberated. 

One cannot try experiments on human I 



c frequently furnish us with | 
What has been juat relatid 1 
n accident which befell two ( 
fere in a room heated by a 
suETocuted, and fell senselesa 



animals, but accident and disi 
experiments made to our hand. 
of the birds, is confirmed by a 
youDg Frenchwomen. They i 
coke-stove. One of ihem v 
on the ground. Tlie other, who was in bed, sufiering from I 
typhoid fever, resisted the poisonous influence of the atmo»- i 
phere,so as to be able to scream tiit assistance came. They J 
were both rescued, but the healthy girl, who had succvmbed J 
to the noxious air, was found to have a paralysis of the left I 
armfMrhich lasted for more than six months. Here, as ti 
the case of the sparrows, we find the paradoxical result tA I 
be, that the poisonous action of a vitiated air is better I 
resisted by the feeble, sickly organism, than by the vigorous 1 
healthy organism. 

This paradox admits of a physiological explanation. laM 
the vitiated air of a German Kneipt, as in that of the honseftl 
of tlie poor, we find those who have had time to adjus 
tliemsolves to it, breathing without apparent inconvenience ■ 
although each new-comer feels the air to be vitiated ; and J 
because they " get accustomed to it," people very nator 
suppose that no injurious efl^ect con follow. Here ties t 
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gerous fallacy. They get accustomed to it, indeed, and 
only because tJiey do so are they contented to remain in it ; 
but at what price t by what means "i By a gradual depre&- 
gion of all /he functions of nutrition and secretion. In this 
depressed condition less oxygen is absorbed, and therefore 
less is needed in the atmosphere. A vitiuttd air will suffice 
for the respiration of a depressed organism, as it would 
amply suffice for the respiration of a cold-blooded animal. 
"When we enter a vitiated atmosphere, our breathing be- 
comes laborious ; the consequence of this is a depression of 
all the oi^anlc funofiona, and Uten the breathing is easy 
again, because we no longer require so much oxygen, and we 
no longer produee so much carbonic acid. Were it not for 
this adjustment of the organism to the medium, by a gradual 

I depression of the functions, continued existence in a vitiated 

I Bitmosphere would he impossible ; we see the vigorous bird 

r perish instantaneously in air which would sustain the enfeebled 
bird for upwards of an hour. 

Thus does Physiology explain the parados ; but at the 

I Mme time tt points out the fallacy of supposing that bad air 
can be harmless because we " get accustomed " to it. It is 

, a fortunate circumstance for those who have to breathe bad 
air, that the organism is quickly depressed to such a point 
a to render the air breathable, yet no one will deny that 
epreasions of this kind are necessarily injurious, especially 
when frequently expeoenced, ITiere is indeed a wonderful 
elasticity in the organism, enabling it to adapt itself to 
clianging conditions ; but a frequent depression of fiinctional 
aotivily must be injurious, and fatal if prolonged. 

It is interesting to observe the effect of a gradual adjust- 

I matt of the organism, as contrasted with one less gradual. 

t ^le longer the lime allowed, the easier is this adjustment. 

[ ^Qs a bird will live three hours in a certain quantity of 
; in the same quantity, two birds of the same species, 



306 



BSaPTBATIOir ASD BtTPFOOATION. 



Hgi^ and size, wi]l not live one hour aiid a hulf, as might b 
Buppoacd, but only one hour and s, quarter. Convereel)^ 
the bird which will live only one hour in a pint of a 
live three hours in two pints, 

7°. Respiration a vital Problem. — Enlightened by thea 
remurkablo results, we shall now bo able to regard Respin 
tJOQ as a physiological function rather than as a simpl 
physical process. On more than one occasion we have h 
to protest against the tendency to explain vital pher 
by physical and chemical laws only, without regard to t 
order of conceptions specially belonging to vital phenomenft^ 
and we must repeat that protest in the present case. 
Respiration is ultimately dependent on physical taws, aoi 
one thinks of disputing; and in the arduous endeavour tO' 1 
detect the operation of those laws, it is natural that men' i 
should neglect the still more difficult study of vital laws,, j 
But we think it can be shown that however far analysis may I 
trace the operation of the laws of gaseous interchange and.*! 
difiusion, and the condensing action of moist membruies,' f 
these will only conduct us to the threshold ; thejtwill never<a 
open fur us the temple. These physical laws reveal onlf ^ 
one part of the mystery. KcspiraCiun is not a simpIOtV 
physical iact. It is the function of a living organism, a 
as such receives a specific character from that organism) 
No sooner do we cease to regard the exclusively physiea 
aspect of this function — no sooner dp we fix our attention 
on the organism and its influence, than the theory raised o 
the simple laws of gaseous interchange suddently totti 
and falls. 

It seems easy to explain why warm-blooded animals at 
to breathe in an atmosphere charged with a certain ] 
centage of carbonic acid, although there may still i 
Buflicient oxygen to permit a candle to burn in it, and ev« 
to permit continued respiration if the carbonic acid 1 
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removed. The presence of a certain amount of carbonio 
acid in the air prevails the exhalation of carbonic acid &oui 
the blood. Aa we read the explanation, nothing mn seem 
clearer, and we admire the skill with which the lawa of the 
absorption of gases are brought to bear on the question. 
But as we pursue our researches, various difliwltie^ arise ; 
and aa we extend the inquiry from the respiration of warm- 
blooded to that of cold-blooded animala, we learn that the 
fiict is not at all true of the simpler organisms. Let us 
for a moment consider one striking contradiction : the ait' 
which has once passed through the lungs of a man, and 
which, in losing four or live per cent, of its oxygen, bas 
become charged with tiiree or four per cent, of carbonio 
I axAA, will yield but very little of its remaining oxygen when 
n passed through the lungs ; and if this air be breathed 
KAver and over again, until the sense of suffocation forces a 
sation, the air will still be found to contain t«n per cent. 
i o:(ygen — that is to say, nearly half its original quantity. 
I In air thus vitiated the respiratory process is impossible, 
mt onl}/ impomble for warm-blooded animah in health : 
Vftogs, reptilea, fish, and molluscs, inst^d of perishing when 
e ftir has lost about'half its oxygen, continue to breathe, 
I nd to absorb oxygen, almost as long as there is uny left. 
Spallanzani, Humboldt, and Matteucci, ha'ft pluct^ this 
beyond a doubt by their experiments j and when we consider 
how long these experiments have been before the world, it 
1 a matter of surprise that the contradiction they give to 
A the purely physical theories of Respiration has not been 
isisted on. If the process depends simply on the proportion 
f gases in the atmosphere, how is it that one anlnial can 
Hitinue to breathe in on atm.osphere unbreathable by 
mother ] If it be sirtiply the interchange of oxygen and 
irbonic acid, and this interchange be frustrated whenever 
a per cent, of oxygen has disappeared, the law must be 
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abwlutc : it must be as applicable to teptilee and mollusc* 
as to birds or mammals. Instead of this, we find that 
reptiles can continue to breathe long after such a ILmit has 
been passed ; they continue to absorb osygen as Ion. 
even only three per cent, remwna, in spite of the continuaU/, 
increasing pvoportion of carbonic acid, IIow is il that th» 
physical laws of absorption frustrated the Respiratio 
one class of animals, and were powerless with another class I 
Why is it that, when a bird and a irog are confined in th» 
same vessel, the frog will continue to absorb osygen from: 
the vitiated air in which the bird has long perished 1 Clearly 
the cause of this difference lies in the difference of tho 
organisms ; and we must no longer seek in the mere quan- 
tities of gnses an explanation of interrupted respiration; 
we must no longer say that " breathing becomes impossibla 
when the air is charged with a certain amount of carbonic 
acid, htcau»e that amount prevents the gaseous interchange;" 
but we must say that such an amount prevents the gaseous 
interchange, because it interferes with the organic action of 
the pulmonary apparatus. The distinction becomes palpable 
when we have an organism which is not affected by tliis 
amount of carbonic acid, and is even more palpable whcQ 
we see a warm-blooded animal capable of breathing for a 
long period the air which, under a different condition, it 
would find unhreathable. We have seen how a bird, with 
its functions depressed, can continue to breathe for an hour 
in an atmosphere which immediately suftbcated another bird 
of the same speciea ; whereby it became clear that the 
lungs of one warm-blooded animal could absorb oxygen 
from an atmosphere in which there was such a propgrtion 
of carbonic acid, that sufficient oxygen could not be absorbed 
by a vigorous animal of the some spedes. 

The intervention of organic conditions, modifying th6 
rimple physical laws of gaseous exchange, is aufiiciently 
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evident from what has just been said ; but we have as yet 
no clear insight into the nnture of this intervention ; wb do 
not knCw wjiy blood, charged with carbonic acid, eannot in 
the one case exchange that gas for the oxygen, of which ten 
per cent, still retnains, since in another case blood can effect 
the exchange when there ia even less than ten per cent, of 
osygen. 

Atmospheric air ooatains only twenty-one per cent, of 

oxygen. Bnt if fifty per cent, of oxygen be mixed with 

fifty of carbonic aclU, a warm-blooded animal is sufflxaited 

in it, in spite of there being more than double the amount 

of oxygen pi'escnt in the ordinary atmosphere. Bernard, 

who made the experiment, thinks that the carbonic acid in 

this mixture prevented the oxygen from entering the blood, 

not only because of its greater solubility, which gives it a 

tendency to displace the oxygen, hut also because of the 

obstacle it prosenta to the exhalation of carbonic acid. 

I 'On the other hand, the extensive and careful experiments 

■ ef ffegnault and Beiset show that Respiration will take place 

tiguite well in an atmosphere which contains as mudi as 

Iwenty-three per cent, of carbonic acid, if at the same time 

It contains as much aa forty per cent, of oxygen. How are 

a to reconcile such facts as those just cited 1 In the one 

see that fifty per cent, of oxygen is insuflicieut, if 

i amount of carbonic acid be also fifty per cent. ; in 

l&Dther case we see that forty per cent, of oxygen suiGces, 

f the carbonic acid do not exceed twenty-three per cent. ; 

e could explain both by saying, that unless the amount 

If oxyg^i nearly doubles that of carbonic acid, respiration is 

iipoasible, were it not for the irresistible objection that rep- 

) breathe in an atmosphere which has become eharged 

■ridt carbonic acid, and has gradually lost all but three per 

BBt. of its oxygen. 

We have raised diflioultiea which we cannot pretend to 
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remove. It is enough to have called atteulion to the phyj 
siolf^c-nl problem involved, as a juatifieatlon of our seeptg^ 
cism in presence of the purely physical explanations' 
piration is not a simple interchjmge of gases, but an < 
function, which chiefly consists iti exhaling carbonic acid a 
absorbing oxygen ; whatever interferes with the exhalatitn 
or the absorption, checks Bespiration, no matter what i 
be the condition of the atmosphere. As a final proof of 
the correctness of this coBccption, we will add that oxide of 
carbon, by preventing the eshalation of carbonic acid from 
the blood, prevents all Respiration, whatever amount cf^^ 
oxygon may be in the air. Moreover, experimenters i 
now agreed that there is no accurate correspondence tetii 
the amounts of oxygen aborbed and carbonic acid exhaled 
as there ought to be were the process one of sinnpU eo 
change, 

II. SuTcocATiON. — With this explanation of the pre 
of Reapiratioii, let us now approach the terrible phei 
of Suffocation, or Asphyxia, which is the consequence of i 
continued interruption of the breathing process. This Int^l 
ruption may be owing either to the air being preventefil 
fi-om entering the lungs — aa in drowning, hanging, gagging^'J 
&c. — or by the air whieh enters being too poor in oxygei^A 
or too rich in carbonic acid, or in oxide of carbon. Tct'l 
tighten a cord round a man's neck, to hold his head unde$ 
water, or to bum charcoal in his ill-ventilafed room, i 
three modes of producing the same result. Every one a 
understand that if you forcibly prevent an animal froifl 
breathing, you must cause its death, because breathing | 
necessary to life ; but every one does not understand (T 
air whieh has been vitiated by the breathing of animals, d 
the burning of candles and gas, is kept out of the blood I 
certainly as if a pillow were pressed upon the face. 
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One very genernl, indeefl almost nniversitl, miseonoeption 
on ibis subject is, that carbonic acid is puiscmnus in the 
blood ; but the truth seems to be tJist the cacbonic acid is 
noxious only when it prevents the ttccesa of oxygen. There 
is always carbonic acid in the blood, both venous and arterial. 
Its accumulation in the blood is only fatal when there is 
such an accumulation in lAe atmosphere as will prevent its 
exhalations; its mere presence in the blood seems to be 
'quite harmless, oven in large quantities, provided alwaya 
that it be not retained there to the exclusion of oxygen. 
Carbonic acid when absorbed into the blood, which is alka- 
line, cannot there exert its irritant action as an acid, because 
it will either be traoatbrmed into a carbonate or be dis- 
solved. Bernard has injected large quantities into the veins 
and arteries, and under the skin of rabbits, and found no 
noxious effect ensue. The more carbonic acid there is in the 
blood, the more will be exhaled, provided always that the 
air be not already so charged with it as to prevent this 
exbalation. 

This is a sufficient answer to the Teetotal argument, that 
Alcohol must be poisonous, because it is said to cause an 
accumulation of carbonic acid in the blood. This is not 
true, as a matter of fact; and if true, it would in no way 
adect the breathing process ; the extra quantity of carbonic 
lid would he g«t rid of as easily as the usual quantity. 

oxide of carbon is a poisonous gas. Every reader 
Till remenaber the blue flame which rises from lighted coals 
pr wood; that is oxide of carbon ; and being notoriously 
.poisonous, it has by some writers been selected as the real 
■jkgent in those numerous deaths occurring from voluntary 
4iid involuntary exposure to the fumes of charcoal in closed 
^ambers. Carbonic acid was said to be innocent, and oxide 
■pf carbon had to bear the whole infamy. There is no 
.'doubt, however, that although carbonic acid is not a poison, 
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it will produce asphyxia, and deaths from chari-oal-fumB 
may occur either from this asphyxia, or from poisoning b; 
oxide of carbon, or from a conjunction of the two. Oxid 
of carbou is truly called a poison, because its action is dol« 
terious even in slight doses, no matt«r what may be the stub 
of the atmosphere ; but carbonic acid is only deleterious 
when the quantity in the atmosphere is such that the absorp- 
tion of oxygen is frustrated. 

Carbonic acid passes to and fro, leaving the blood olliep- 
wise unaltered ; but oxide of carbon really kills the blood. 
If we take a little venous blood and expose it to oxide of' 
carbon, it becomes instantly scarlet. In appearance tha 
change has been nothing more than would have occurred 
oxygen, instead of the oxide, been employed. But in fact, 
the change has been very considerable. 

FiE-M. 




In Fig. 35 we see how Bernard causea a dog to bre 
oxide of carbon. At first the gas, which is in the 
is kept from the dog, and the blood flowing from an opened (I 



' be black. But o 



niug the cook, and;ll 

causing the oxide to mingle with the air breathed, the bloodff 
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is rapidly seen to bo scarlet ; and unless the operation is 
suspended immediately, the dog wilt die suffoeatcd. This 
scarlet blood will not become black again on exposure to 
carbonic acid, as would be the case if oxygen had given the 
Horlet colour. On the contrary, the scarlet colour ia 
led four weeks. 

Frussie acid produces a similar effect. PoieoDing by 
prussie aid, or by oside of carbon, may be detected by this 
Bcarlot colour of the venous blood. 

The effect of oxide of carbon ia to render the blood- 
discs incapable of that process of exhalation, on which, as 
we have seen, the activity of the organism depends. The 
blood, to all appearance, preserves its vitality, for neither 
the form nor the colour of its discs is altered ; but the blood 
Is really dead, because its restless changes are arrested. 
Ever wonderfiil is the fact constantly obtruding itself upon 
us, that Life is inseparably linked with Change, and that 
every arrest is Death. Only through incessant destruction 
and reconstruction can vital phenomena emerge, an ebb and 
flow of being. The moment we preserve organic matter 
destruction, we have rendered it incapable of the 

less strivings of Life. A spirit like that of Fauat seems 
ig through all matter ; and if ever it should say to 

passing moment, " Stay ! thou art fair," its career will 

Dealhi from Suffocation. — We have seen that a current 
of fresh air prevents carbonic acid from being noiciaus, un- 
less the quantity be very considerable ; and it ia on this 
aooount that coal, coke, candles, gas, liio. can be burned in 
our apartments without injury. But it is important to 
know that a current of fresh air will not always prevent 
death from suffocation. It is important to know that there 
|ja no absolute safety in the fact of the room being ventilated; 
e mere presence of carbonio acid will not cause auffocation 
14 
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in such a room, but luihappily the carbonie acid ia frequent- 1 
\y aecompaniei] by oxide of carborij and it is to /Aiswemust 
attribute those acradents which have occurred in manufacto- 
ries, when the worltmen, seated at tables under which coke 
was burning, have fallen back suffocated. Dr. Maryo cites J 
a case of asphyxia which occurred in a room, one of thcwi: 
dow-panea of which was broken, so that a current of a 
must have circulated in it. In 1835, a shopkeeper of Paris J 
was found suffocated in his bed, although the room in whid 
he slept was over the shop, communicating with it by anl 
open staircase, and the shop had its windows, opening on I 
the street, imperfectly closed. In spite of this free accesa 1 
of air, the noxious vapours from a stove in which coke and ] 
coal were burning, suffocated him. 

Gas is a great spoiler of the air ; but it has the merit -| 

of giving timely warning of the danger, by the hon-ible si 

which accompanies it. This smell is perceptible when thers I 

is only one part in a thousand parts of air ; becomes very I 

offensive when the proportion is -j^-g or -jjj, and is almost I 

insupportable as the proportion increases. If the gas haa I 

escaped from a craek in the pipes, and been allowed to 1 

mingle with the air in which a free circulation by vontilfr I 

tion is impossible, so that the proportion of gas amoimts to I 

^L 1^, it explodes on the introduction of a candle. This wsi 

^M the cause of that terrible accident some twenty years ago u 

^M Albany Street, when a whole house was blown up, as if i 

^M powder-mill had been ignited. Gas, when burning, is also I 

^M very injurious, and seems to have a particularly bad effect 1 

^1 upon the nervous system, as all persons know who have at- U 

^1 tended to their sensations. It produces excitement, heod^-fl 

^1 ache, lassitude, and ofren sickness. While veatilation is laf 

^M all cases indispensable, it becomes more and more urgent iHM 

^K proportion to the amount of gas or coke which is bumingV 
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which meet together in s. theatfe, concert-room, or lecture- 
room — the air robbed of its oxygen by the burning and the 
breathing, and loaded with carbonic acid, animal effluvia, 
and heat, there cuu bo little surprise if a violent headache, 
or unusual languor, is the result of staying three hours in 
such an atmosphere. 

Death from drowning is also a form of suffocation. On 
tinting into the water, a man first struggles to the surface, 
and gasps for breath ; but with the air there enters some 
vater, and this makes him cough ; in coughing to expel the 
Water, he expels a great part of the air which he had drawn 
few seconds his strength foils ; he can no longer 
rise to the surface, the urgent demand for fresh air forces 
him to open his mouth, and this only allows more water to 
enter, and asphyxia results. But this is not always the 
of the phenomena. Sometimes the man receives 
such a. shock that he is instantaneously deprived of the use 
of his faculties — he faints in the water, and dies without a 
struggle. Sir Benjamin Urodie tells a story of a man who 
was recovered froni drowning, and who described it as being 
a very calm and blissful mode of death. The last thing he 
was conscious of was, that he quietly counted the pebbles 
on the bottom. 

HI. Thkoribb op Respiration. — It is hoped that the 
Ibregoing pages have fitTnished the reader with many im- 
portant hints for practical guidance, and have duly impress- 
'ed him with the serious necessity of attending to ventilation 
in bed-rooms, sitting-rooms, and manufactories ; but there 
kre also speculative paints which might profitably detain us, 
have fully satisfied ourselves on the practical points. 
A few of these may now be touched on. 

And, first, of that popular theory which declares Respi- 
ration to be a process of Oxidation. It probably caused 
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the reader a pk'asuat feeling of surprise when ho first beard I 
that tlie burning of a candle, the rnsting of iron, and that ' 
process of breathing, were only three forms of the same' ' 
proccsa — three names for three different forms of ootnbus- J 
tion or oxidation. There is, indeed, a fascination in such ] 
generalisations. One almost regrets to find them not correct, 
I am sorry to say this one is not correct. The burning of ] 
a candle and the rusting of iron are, indeed, two forma of 
one process of combustion. They are oxidations • but res- 
piration can no longer be considered, in any sense, as S I 
process of oxidation. Tlio combustion-theory is a mistake [ 
from first to last. Respiration, as a process, is twofold — - I 
tlie exhalation of carbonic acid, and the absorption of 
oxygen. 

The interesting experiments of Priestly will enable as to 
set forth the difference between Respiration and Combustion. 
He placed mice in a beU-glosa, where in due time they were 
suffocated by the air which they had vitiated ; other mioe 
were introduced, and they expired immediately. In another 
bell-glass a candle went out, after having in its combustion 
absorbed a part of the oxygen ; another burning candle was i 
introduced, and it was at once extinguished by this vitiated 
air. In both of these vessels some mint was now placed, J 
where it flourished, and so completely revivified the jur, by I 
absorbing its carbonic acid and giving out oxygen, that mice I 
could (^iu breathe in the one, and a candle bum jn tho { 
other. In these experiments we seem to have a demonstra- 
tion of the identity of Combustion and Eespiration — and 
this, indeed, was the conclusion drawn ; but that the conclu- 
sion is erroneous, appears from the experiments of Claude i 
Bernard, who takes a bell-glass containing an atmosphere of I 
15 per cent, of oxygen, and 3 per cent, of carbonic acid — the f 
rest of the oxygen having disappeared to form water with I 
the hydrogen of the candle which has juat gone out. 
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this atmosphere, in which a candle will not biinij a linnet 
will breathe at ease for some time. Bernard then reverses 
the experiment, and makes an atmosphere in which a candle 
win burn, but in which an animal inatontaneously perishes 
—on atmosphere composed half of oxygen and half of car- 
bonic acid, in which a candle will bum better than in the air, 
because of the greater amount of osjgen ; but in which the 
animal perishca, because, m spite of the amount of oxygen, 
'■tiiat oxygen cannot be absorbed. The bird, when about to 
expire in vitiated air, will be recalled to life if the carbonic 
■iwid be removed by the introduction of potash — showing 
ttat it is owing to the presence of this carbonic acid that 
Kcapiration is impeded ; but we cannot thus restoi'e the 
expiring flame of the candle by removing the cai'bonio aeid. 
Place lighted candles in two bell-glasses, and as soon as the 
combustion grows feeble, introduce into one glass some pot- 
ash to remove the carbonio acid, yon will, nevertheless, find 
i^oii the candles in both glasses will go out at the same in- 
^rtant. The experiment is very simple, and its significance 
Sb plMn. By it we sec the difference between Combustion, 
<vhich is only oxidation, and Respiration, which is not oxida- 
Mon but exchange. In the combustion of the candle the oxi- 
dation is everything, and no process of exchange takes place. 
Ja. the breathing of an. animal the exchange is everything, 
and no oxidation takes place. The candle expires because 
there is not enough oxygen in the air ; the animal expires 
too much carbonic acid in the air, 

^Further, to prove that Respiration is an exchange of 
in the lungs, and not a process of oxidation, we need 
refer to the experiments of Spallanzani and \V. Ed- 
ixperiments so celebrated, that one is amazed to 
id one's-self citing them in this discussion, which they 

;ht long ago to have closed. 

A frog was placed in a bell-glass containing pure hydro- 



318 BBSPIBATION AND StTFFOCATION. 

gen gas, reversed over mercury : Fig, 26, Befijre placing 
it tliere, all the aii " " ' - ■ - - 



Fig. aft 
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1 pressed out of its lungs. For 
eight hours and a half it con- 
tinued to breathe this hjdrogen, 
and continued to give out car- 
bonic acid. The same experi- 
ment will succeed also witii 
warm-blooded animals, if tried 
on those newly born ; but aft«r 
they have breathed for soma 
^ koura they are unable to stand 
Ithe test. These experimenta 
i prove that carbonic add prer 
^F exists in the blood, aad is itot 
formed during respiration by 
the oxygen as it enters ; and prove, likewise, that the respi- 
ratory process is a double one of exhalation and abgorption, 
which can take place as well with hydrogen as with oxygen : 
and wu arc thus forced to exclude the idea of oxidation alto- 
gether. Although respiration can take place without oxygen, 
life will not long continue without it ; for, as before stated, 
oxygen is the power which burns organic matter into 
]ife. 

There is another form of the combustion- theory, held by 
those who give up the idea of carbonic add being formed in 
the lungs. It is this : " The oxygen of the air hums the car- 
bon of the tissues into carbonic acid, and the hydrogen into 
water." Widely as this hypotliesis has teen accepted, there 
is not one bit of direct evidence that carbonic acid and water 
are ever formed in this way in the organism ; it is purely in- 
ferential, and there are many reasons against our accepting it 
even bypotheticaUy. But even on ihe supposition that such 
direct oxidations were the source of the carbonic acid and 
water, we should still have to declare that Bespiration vos 
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a proceas of Comfaustioii. If oxidation of tissue ia one 
regult of Respiration, it is not th&pToce»s, 

Why is death inevitable when the access of fresh oxygen 
is excluded 3 The foot we know — of the reason we are igno- 
rant. There still remains a large quantity of oxygen in the 
blood of the expiring animal ; nor will death be sensibly re- 
tarded if fi-esh oxygen is injected into the veins and arteries. 
' How is this % The process of respiration brings oxygen to 
I flieLlood; yet,if the oxygen be brought there throughatnore 
* direct channel while respiration ia impeded, the animal will 
die as quickly an if lefl to itselil Bernard tied a dog's head 
in a bag, which would in a certain time produce suffocation, 
and he found that period by no means retarded when he in- 
jected oxygen into the arteries, 

2°. ,T}ie Balance of JPa(!ire.^Q«itting for a moment 
this labyrinth of difficulty and doubt, which alternately fiis- 
tanates and disheartens us when we strive to gain some ex- 
planation of the myriad processes of Life, let us stand apart 
and contemplate the marvel of respiratory interchange, no 
longer as an animal function, but rather as a planetary phe- 
nomenon ; let us endeavour to picture to ourselvea the 
silent creative activity everj'wheru dependent on this inter- 
change. The forests, the prairiea, tlie meadows, the corn- 
fields, and gardens — the mighty expanse of plant-life cover- 
ing mountain and valley — these subsist on the carbonic acid 
■which is exhaled from the lungs and bodies of animals. 
Plants take up this carbonic acid from the atmosphere, 
mould the carbon into their own aulistance, and set free the 
oxygen, once more returning it to the atmosphere. Animals 
reverse the process, taking up" the oxygen, and giving out 
carbonic acid for the nourishment of plants. This beautiful 
rilythmus of organic life has been so often described that it 
BJ^ almost become a commonplace, without, however, losing 
^■■b charms for the contemplative mind. 
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The dependence of plant on animal, and of animal on 
plant, united in one mystery, and ever acting each for the 
odvantflge of the other, is not an idea to lose its charm by 
becoming familiar j but it sometimea leads to misconcep- 
tions. What, for instance, seems more natural than that 
the influence of trees planted in our cities should be Tery 
beneficial 1 If trees can thus withdraw the nosiouB carbonio 
acid from the vitiated air of cities, would it not he desirable 
— ^nay, ought it not peremptorily to be demanded — that as 
many trees should be planted in our streets as we can find 
room for "i Such conclusions are soon reached by swift 
logicians. But Nature is apt to elude the gra.sp of awift lo- 
gicians, and she repeatedly declines to fall into the most 
symmetrical of their formulas. Not that Nature is capri- 
cious or illogical ; but logicians are apt to draw inJereneca 
before they have collected sufficient data. Nature, in the 
present case, point-black declares that the influence of vego^ 
tation on the atiTiosphcre is totally inappreciable, unless thO' 
atmosphere be in a closed chamber or vsssel, and then tlw 
influence is striking. Human wit has discovered no test 
delicate enough to appreciate the influence of plants on th»j 
free atmosphere in which we live. The depth and compass 
of this air-ocean are too vast, and the amount of oxygen aV 
sorbed by animals too trivial in comparison, for any effect 
to be appreciable ; moreover, the mixture of the gaseg in the 
air, and their mutual effusion, is so rapid, that no difTerenos 
has yet beeji detected in the proportions of oxygen and car- 
bonic acid in the air of crowded towns or wooded vaUeya. 
The air of cities will hold more noxious exhalations suspend- 
ed in it, but its gaseous composition will be the same as thrt 
of the country. To give an idea of the insignificant part 
played by animals as vitiatora of the great air-ocean, we 
may mention the calculation made by the distinguished 
chemist Dumas, that all the oxyge i consumed by all the 
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animals on the surface of the globe during one hrnidred yeai-a 
would not amount to more than the j-^^j of the quantity in 
our atmosphere ; and even supposing ail vegetation to be 
annihilated, consequently no oxygen to be returned to the 
lur by the incessant reduction of the carbonio a«id, there 
would still need a period of ten thousand years before the 
diminution of the oxygen could become appreciable by any 
instruments we have hitherto invented. 

3°. Varieties in Animals. — The fact that Respiration ia 
1 animal function, dependent upon a peculiar organic ap 
paratus, leads us at once to suspect that it will exhibit great 
variotics — not only in various animals, but in the same 
limal under different conditions. 
We learn, for example, without surprise, that animals 
of lai^e bulk conaumo more air than the smaller animals ; 
horses and oxen more than men ; men more than dogs and 
. cats. But, to use an Eastern figure, it raises the eyebrow 
of astonishment when wo learn that the proportion of car- 
bonic acid exhaled by a man and a horse bears no sort of 
f CMrrespondence to the differences in their relative bulk — 
. the proportion being 187 to 16. Wo are, in like manner, 
I puzzled to ffnd that a fiiU^own cat only exhales If of car- 
bonic acid, where a rabbit produces more than 2. How is 
, this to be explained ^ Is there not a streak of light trem- 
bling on this question when we bring forward the faet pre- 
Tiouslymontioned,thatthevcgetahle feeders uniformly exhale 
e carbonio acid than the animal feeders, and that cami- 
nia animals exhale more than their usual quantity if they 
fare fed on vegetables ! Some light may fall from this source, 
J but it does not suffice to clear up the obscurity. 

Another interesting problem also arises here ; — Although 
1 the larger the animal, the greater the absolute amount of car- 
t bonic acid it produces,* yet the smaller the animal the 

■ Tfala ^ipUea, of toaae, only U) snlmala of tba suna kind. "Toos serei 

14* 
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greater is the relative amount it produces. Thus, supposing 
the production of carbonio acid be estimuted according to 
each pound-weight of the animal, we shall find that the 
Bmaller the animal the greater will be its proportion. But 
It is not size and weight alone which determine the difTerences 
in the amount of air consumed ; far greater differences will 
arise from the varieties of organization. We may accept it 
as an axiom in physiology, that the activity of Respiration 
is inseparably connected with vital activity — not simply 
muscular activity, as some writers maintain, but all processes 
whatever, involving chemical change within the body. The 
most striking confirmation of this axiom is perhaps to be 
seen in the phenomena of hybernation or winter-sleep. No 
sooner are the vital functions reduced to this extremely 
feeble condition, in which wo may almost say life is sus- 
pended, than these hybemating animals are so incapable of 
ordinary respiration that they may Le placed in an atmos- 
phere of pure carbonic acid, and remain there unhurt for 
four hours ; whereas if they were placed in such an atmos- 
phere when their breathing was going on, they would 
instantly perish. 

One would imagine, on hearing this, that our ordinary 
Sleep would also bring with it a diminution of the quantity 
of air consumed. And in as far as sleep ntay be considered 
a diminution of the vital activity, such a conclusion must be 
correct. But in how far is sleep a diminution 1 That is a 
question not hitherto asked, consequently as yet without an 
answer. In sleep there is very obvious diminution of 
some forms of vital activity, but we are by no means sure 
that the organic changes are so much less rapid on the whole. 
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B are lod to this doubt by the experiments of Mulesohott 
and Bocker, which e8ta,blish that the chief cause of the differ- 
ence noticed between tlie amount of carbonic acid produced 
during the day and night is the influence of sunlighl; and that 
a man lying quietly awake will produce less instead of more 
than a man asleep, if the conditions of light and tempera- 
ture are the same. Sleep, as sleep, seems not therefore a 
diminution of the vital activity j although the sleep which 
we take at night after the fatigues of tie day must of course 
be considered as accompanied by a diminution. It is quite 
certain that, partly from fatigue and partly from the absence 
of sunlight, less carbonic acid is formed at night than during 
the day. Boussingault found that the same turtle-doves 
during day and night showed a difference of 04 and 59 on 
one occasion, and of 75 and 53 on another. Lehmann con- 
firmed the observations. 

If it is true that all vital activity increases the amount 
of carbonic acid exhaled, and if every diminution is accom- 
panied by a corresponding diminution of the amount, we 
may readily believe that intellectual fatigue, and tlie lassi- 
tude which succeeds mental or emotional exdtement, will be 
aocompaniod by a corresponding depression of the respira- 
tory function. Nay, even the concentration of the mind on 
■any subject will produce this. Every one knows the state 
of " breathless attention," Whenever the mind is preoccu- 
pied by a powerful impression of some duration, the breath- 
ing becomes so feeble that from time to time we are forced 
to compensate this diminished activity by a deep inspira- 
tion. This is the rationale of sighing, an action commonly 
attributed only to grief, but which is the accompaniment of 
all mental preoccupation. The philosopher, brooding over his 
problem, will be heard sighing from time to time, almost 
H^ .fte deeply as the m^den brooding over her forlorn condi- 
^Ktion. All men sigh over their work, when tlieir work 
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deeply engages them ; but they do not remark it because 
the work, and not their feelings, engages their attention, 
whereas during grief it is their feelings which occupy them. 

It ia an interesting fact, and one which throws light on 
the intimate connection between respiration and vital activity, 
that a very considerable increase in the production of car- 
bonic acid swiftly follows after eating, consequently an 
enormous reduction in the amount is found to accompany 
starvation. Tlie fact was established by Spailanzani, and 
has been repeatedly confirmed. Boussingault found that 
pigeons, when fasting, did not produce half the amount 
which they produced when well fed. Spailanzani suggests 
that the food daring digestion gives off carbonic acid, and 
this passing into the blood is exaled in respiration — a sug- 
gestion which receives additional force from the fact that 
Tegotable food uniformly produces more carbonic acid m 
reispiration than animal food. But this wOl scarcely account 
for the whole of the increase, and we are led to seek for the 
other cause in the greater activity of the nutritive prooes- 
ses : the fasting animal has a depressed vitality. 

Temperature has considerable influence on respiration. 
The fact has been ascertained by experiment, but it might 
have been deductively established ; for the influence of tem- 
perature on the vital activities is well known, and whatever 
influences them must aflect respiration. It is only by the 
aid of such an axiom that we can find our way anaid the 
apparent contradictions of this subject. The remarkable 
difference noticed between the capabilities of warm and 
cold-blooded animals in Ijrcathing vitiated air, is not less 
than the difference in the effect of temperature on these two 
classes. We remember our astonishment on learning from 
Spailanzani that increase in the temperature brings with it 
an uniform increase in the amount of oxygen absorbed by mol- 

8 and reptiles ; it was a statement in direct contradiction 
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to the well-eatablished fact in human phyHi^logj', that more 
oxygen, was absorbed in cold than in hot weather. Our 
difficulty was lightened, however, when wo learned that 
Spall anzani's statement is only true of cold-blooded animals, 
and true of tliem only within certain limits : too great a 
heat ceasea to increase the amount, and gradually diminishes 
li warm-blooded animals. What are these limits, 
and why this cessation of increase 1 The limits are these : 
take a frog and place it in an atmosphere a little above the 
freezing-point ; as the temperature rises from 36° to 45° 
Fahrenheit^ the amount of oxygen absorbed uniformly 
inci-eases ; it remains nearly stationary from 45° to 57° ; 
at 58° it begins to decrease, and this decrease continues till 
104° is reached, and then the frog perishes. The reason ia 
very simple ; a certain amount of heat stimulates nil the 
■vital fimctions of the fi-og, and consequently inoreases its 
■teed for oxygen; when the heat becomes too great it ceases 
'to be a stimulant, and depresses the fiinctional activity, till 
'■t length a point is reached when the organism can no longer 

;exi8t. 

On warm-blooded animals the effect of temperature ia 
(apparently different, but really the same. Every 1 
"of heat is found to ditnimak their respiration, every ii 
■«f cold to avgment it. Thus it is ascertained that the 
■mailer mammals, at a temperature of 86° to 104 °rahr., 
only half the quantity they consumed at freezing- 
point. Various experiments on man have elicited the general 
&ct, that under the influence of a moderately cold atmos- 
phere the respiration ia increased by one-sisth more than 
bi a moderately warm atmosphere. Precisely as too 
itense a degree of heat diminishes the respiration of the 
by enfeebling its vital activity, does too intense a 
legree of cold diminish the respiration of a warm-blooded 
,al by enfeebling its vital activity. There are cert^n 
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limite of temperature within which every increase of heat 
raises the respiration of the frog, because the increase raises 
its vital activity ; and there are certain limitB within wluch 
every decrease of heat raises the respiration of the man, 
because the decrease raises his vital activity ; but if these 
limits be overstepped, the stimulant is changed into a debil' 

We see this very curiously illustrated by the hybemating 
animals, such as the dormouse, marmot, bat, hedgehog. 
They occupy, in this respect, an intermediate position 
between the cold-blooded and warm-blooded animals; for 
although they are really warm-blooded animals, the effect 
of temperature on them is closely allied to that produced 
on the cold-blooded. With every fall of external tempers' 
hire their respiration diminishes. Unlike the rest of warm- 
blooded animals, their organism seems to have little power 
of reMsting the changes of external temperature; thej 
cannot produce heat with sufficient rapidity to counter- 
balance the loss they sustain from the surface of their bodies 
when the air is cold. Instead of acting on them as a 
stimulus, which would accelerate the respiratory process, cold 
acts on them with a depressing influence, which gradually 
reduces their respiration alttiost to zero. But no sooner 
have they passed into this winter-sleep, and their organic 
activity has become very feeble, than we can at pleasure 
reawaken it to any degree by raising the surrounding tem- 
perature ; and as the vital activity once more begins to 
manifest itself, the respiration (which is only one form of 
vital activity) likewise becomes manifest. 

Whi/ do we breathe 1 The foregoing pages have given 
some answer to the question, ffow do we breathed but have 
Dot hint«d at the why; yet af\er reading about the respiratory 
process, a natural curiosity prompts the inquiry as to its 
csuse. Unhappily nothing but extremely vague answers 
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given. We kuow that the cheat expands and con- 
tracts with beautiful rhythm, and, moatly, as an involuntary, 
aiUtomatic process. We know that our attention is not 
required, that no effort is needed, and indeed that no effort 
i can prevent the regular slternation of inspiration 
Uid expiration. We can by an efTort accelerate or retard 
jse motions, but we cannot prevent them. The process, 
JD, clearly depends on a stiraulus given to the involuntary 
L jart of the nervous system : it is called into action by 
^nervous stimulus, and physiologists have vainly endeavoured 
t*tD discover the nervous apparatus which is involved, and 
lltiie rationale of its action. The pressure of carbonic acid 
1 the air-cells, or of venous blood in the capillaries, may 
s a stimulus to the pneumogastric nerve ; but what is 
the rationale of making a new-born child draw breath, by 
whipping its back and continuation? Generally, the stimu- 
lus of the cold air on the child's face suffices to make it 
draw breath, which it expires again in a well-known pry, to 
mothers' ears most musical ; but this stimulus is olten 
insulGcient, and the doctor or nurse initiates the little stran- 
ger into that experience of " external local applications " 
■which, in later years, will also be freely used as a stimulus 
to virtue or learning. The fact we know ; but why such 
" local applications " escite the respiratory activity, we do 
"act know, for we do not know the nervous apparatus which 
ulates the actions of respiration. It is probable that 
e researches-of physiologists will, ere long, clear up thia 
int, as they have cleared up so many others ; meanwhile 
e must content ourselves with vague answers to our ques- 
Irtion, Why do we breathe 1 
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A BiRD-DAOB hanga above a small aquarium : in the cage' 
there ia a bird ; in the glasa tank, eeaweeda, zoophytes, 
molluscs, and fish. The atmosphere of the apartment varies 
with those variations of temperature which accompany tha 
earth's daily rotation and annual movement. The summer 
sunlight streams in through the windows ; the icy north wind 
rushes through the crevices ; the shadows of night, and the 
evaporations'of morning, bring with them perpetual risings 
and fallings of the temperature of that room ; and with these 
risings and fellings there are corresponding HuctuationB in 
the temperature of the glass and water of the tank, the 
brass and woodwork of the cage. This is aeejirding to tbe 
law by whieh an equilibrium of temperatiu-o is alwayi 
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lished among inorganic bodies. TTie wanner atmosphere 
rapidly warms the glass and -water — the cooler atmosphere 
rapidly coois them ; it is true that the water will always be 
somewhat colder than the atmosphere, because it loses heat 
evaporation, but nevertheless, as the external tempera- 
ture rises and falls, that of the water also rises and fiills. 

While these charges, so familiar and so cosy of expla- 
nation, have been taking place, the bird has been neither 
colder nor warmer ; throughout the (liietuations of external 
temperature it has preserved almost uniformly the very 
high degree of warmth which, as a bird, belongs to it. 
Neither the beams of an August sun, nor the nipping east 
^wind of Dpcember, have raised or lowered its normal heat 
'ftt any time more than one or two degrees. You may per- 
haps imagine that it has been kept warm through the winter 
by its envelope of feathers, but this is true only to a very 
^ght extent ; atrip it of its feathers, and you will still find 
Tta heat greatly above that of the air ; whereas, if a heated 
substance be enveloped in feathers, and left exposed to the 
Mr, it will soon become as cold as the air. Driven fi'om 
this explanation, you will ask, How is it that the bird is 
Enabled to preserve a steady temperature of a high degree 
nid misteady influences from without 1 Tlie answer is ob- 
"tiously to be sought in the organism and its processes, not 
a any external influence ; and a certain Philosophy, somft- 
what rash and ready, fond of phrases and impatient of proofj 
■will assure you that the bird, as an organised body, is ab- 
eolvea from the law of equilibrium which rules all inorganic 
. hbdies, because the bird is endowed with a " vital principle 
srtudi suspends the action of physical laws." 

IhiB expl{Uiation, which to many has seemed satisfactory, 
rahours under two disadvantages- — first, that it invokes the 
eration of a " vital principle," of which we can form no 
inite conception ; and secondly, that the assumed suspen- 
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Bion of physical laws is a pure figment. The organism, li' 
ing or dead, radiates heat with equal facility ; but -when Ht- 
ing, it produces heat to compenaate the loss ; and when 
dead, it no longer produces heat, so that it speedOy becomeB 
as cold as the cxtcmul air. The processes of Life do not 
" suspend " the operation of physical laws, although, by the 
introduction of more complex conditions, thoy bring about 
results which, superficially considered, look like a suspen- 
sion of those laws. A close analysis always detects the 
physical laws. No one thinks of attributing to a spirit- 
lamp, when lighted mider a vessel of water, the power of 
suspending the equilibrium of temperature, because it keepa 
the wafer boiling, in spite of the constant loss of heat by 
evaporation. Without the lamp, the boiling water would 
speedily cool below the temperature of the air ; jeith the 
lamp, it may be kept indefinitely at the boiling-point, if 
fresh water be from time to time added to replace what has 
evaporated. There is no " lamp-principle " suspending 
physical laws. Nor is there any such mysterious agent 
Animal Heat, Just as the temperature of the water isk« 
constant by the continual reproduction of heat equalling tha 
amount lost, so is the temperature of the bird kept con- 
stant by a continual reproduction of heat within ; and al- 
though the vital processes by which that reproduction ia 
cifeeted are very far from exhibiting the simplicity of tha 
spirit-lamp, and are indeed still involved in great obscurity, 
yet we know that physical laws are in no sense suspended 
thereby, and that the living animal has the tendency to es- 
tablish an equilibrium between its temperature and that of 
the objects surrounding it. 

We have only to extend our investigations and examina 
the temperature of the other organised bodies — seaweeds, 
zoophytes, molluscs, and fish — during tlicso changes which 
leem not to have affected the bird, to find that this inyst». 
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rious " vital principle " suddenly fails altogether. It here 
abdicates its autocratic power. It suspeada no laws; on 
the contrary, it permits equilibrium to be estublisbed unop- 
posed. The seaweeds are, within a very slight fraction, as 
cold as the water, and get warmer as the wuter warms. 
The zoophytes have no appreciable superiority of tempera- 
ture. The fish are only two or three degrees warmer. 
Either we must give up the explanation which the vital 
principle seemed, to afford, or we must deny that the cold- 
blooded animals, as they are called, have any vital principle 
at all. In vain will a refuge be sought in the greater cool- 
ing agency of water over that of air ; for although some- 
thing must be allowed for this, we cannot by it account for 
the enormous <^)8p^oportion between the temperature of the 
fish and the bird ; and for these reasons : The Bonito, 
equally subject to this cooling agency of water, preserves a 
constant temperature of 20° above the sea ; and the temper- 
ature of the Narwhal is nearly that of man — namely, 96° 
Fahrenheit. Moreover, while some marine animals are thus 
independent of the temperature of water, serpents, lizards, 
and frogs are dependent on the temperature of the air. 

Before entering further into this subject, it will be well 
to glance at the instruments by which physiologists naeasuro 
the delicate differences in amount of heat which different 
animals and plants produce. Of the various thermometers 
we need aay nothing. But there are thormo-clectrical in- 
struments which need explanation. Fig. 27 represents a 
thermo-eleotrio couple. Its pig. jj. 

oonstruction rests on thi 
fact that two metals solder 
edt(^ther develop electric ^A 
OirrentB when their solders 

maintained at different 

iperaturea. Two bars of copper (e, c) arc soldered to a bar 




of iron (f), and thoir two extremities (m, h) are in contact with 
thewireaof the galvanometer (g), aoloDgas the solders (b, b') 
remain at the same temperature no electric current passes; 
and the magnetic needle of tho galvanometer remains mo- 
tionless. But the instant one of these solders is heated, the 
needle moves, Itis on this principle that Becquerel invent«d 
his thermo-electric needtea with median solder (Fig. 38). 



Each needle is composed of a copper and an iron half of 
equal length and thickness, soldered end to end. At one 
estremitj each iron half (f) ia united to the other by an iron 
wire, long enough to permit of their buiiig kept at some dis- 
tance apart ; at the other eJitremity each copper half (c) ia 
fixed to the wires of the galvanometer. 

With such an instrument we are enabled to penetrate, 
without disturbance, into the interior of the animal tissues, 
and accomplish what no thermometer could attempt. Wo 
can t«Bt by it the temperature of a muscle, or of the blood 
an artery, without troubling the circulation. For instanoe^ 
let us desire to know the temperature of the muaclea of the 
arm, at rest and in contraction. Fig, 29 will show the 
method of procedure. One needle is passed through the 
rauBclea ; the other is placed in the mouth. The patient 
breathes only by the nostrils during tho experiment ; and 
all the time a small thermometer is placed under his tongue 
to prove that the temperature of tlie mouth does not vary. 
Tlie direction of the needle indicates in which part there is 
an excess of heat : and this is afterwards calculated. 
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Fig. 28. 




Another application of the same principle is that c 
Dutrochct's needles wUk lalero-lerminal solder (Fig. 30 




An iron needle (f), bent at both 
eniJa, is soldered by these bent 
ends to two copper needles (c, o). 
With thia instrument lie compared 
the temperature of a living and 
sect, as represented in 

ih insect was fixed on a stick, 

t d, planted in the earth of a flower- 

ITie needles were then 

p>thrast into corresponding parts of 

a living and dead insect, and be- 

rjogineommunirtitionwiththo pal- 

t^vanonieter by the wires m n, the 
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deviatiou of the galvanometer gave the measure of the tem- 
perature poaaessed by the living insect. The same instru- 
ment aervea to measure the heat of plants, Fig. 32. An aa- 
paragus, c, ia freshly cut and 
placed in water to keep it alive 
another aaparagua, b, is killed, and 
the two are then tested as the li 
ing and dead insects were testet 
There arc other methods ii 
necessary to mention here. The 
result which has been arrived at 
is that every living organism has 
withiuit a source of self-supplying 
heat. The amount of heat thus 
supplied will depend on the amount 
and nature of the chemical changes 
which tflke place within the organ- 
ism. Even in the microscopio 
animalcules such a supply exists. We might assume this a 
priori, hut we can establish it experimentally : if water be 
gradually frozen under the miscroacope, it will be seen that 
the last drops which solidify are those which aurround the 
animalcules, and have been kept liquid by their heat. 

Organic beings are thus distinguishable from the inor- 
ganic in possessing, as a necessary consequence of their vital 
activity, a self-supplying source of heat ; and organic beings 
are distinguishable among each other by the rapidity with 
which this heat is supplied, and the facility with which it is 
radiated ; and not, as the current classification implies, into 
animals with warm blood, animals with cold blood, and 
planta with no heat at all. There are no animals with cold 
blood, and all planta produce heat. But plants, except dup> 
ing their periods of germination and flowering, when they 
are aensibly warmer than the air, produce heat so slowly, 
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find part with it bo easily, that their temperature always 
follows that of the medium in which they live ; and the so- 
called " cold-blooded animals " produce heat so slowly that 
they are never more than two or three degrees ahove the 
medium, and sometimes even below it, owing to the rapidity 
of evaporation from their surfaces. Insects — beea, for in- 
stance — produce heat with a rapidity equal to that of birds; 
but they part with it so rapidly that their temperature is 
little above that of the air. When bees are collected to- 
gether in the hive, the heat they radiate ia found to be very 
I great. 

I Many writers object to the old distinction of warm and 

t oold-blooded animals aa unphyaiological, and suggest that 

I itfae distinction should be, that the warm-blooded are inde- 

I pendent of, and the cold-blooded dependent on, the external 

I temperature : the one class preserving its norma! heat under 

all variations of the external medium, and the other class 

growing warmer and coldi;r as the external medium rises 

and fiills. But against this distinction we would urge three 

ai^uments. First, — Both classes of animals are dependent 

on the external temperature, and both are independent of 

it ; they are dependent, becanse it accelerates or retards 

their vital activities by which their own he^t is evolved ; 

j Ihey are independent, because whatever may bo the amount 

I 'tlf external heat or cold, their own temperature, being really 

I Evolved in their vital processes, is always restrained within 

1 certain limits, and is almost always eomeiekal above that of 

I &e external medium,* until a limit is reached, and then, if 

[ tho external temperature continue to increase, they perish, 

or their heat falls below that of the medium. 

onoo Tonsd tbe tDmperatDre of a " cold-blooiled " ILiard t« ba es° In Ibe 
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Secondly, — ^The young of many warm-blooded animals 
are as much dependent on external temperature as frogs and 
fish ; and even the adult animals of the hybernating class 
are in this category : no sooner does the external tempera- 
ture fall, than their heat sinks, and this depression continues 
till they are only three degrees warmer than the air. 

Thirdly, — While the foregoing arguments have shown 
that the distinction is not tenable in the presence of &cts, 
we would further remark that, granting the distinction to be 
valid, the cause would still have to be sought, and we should 
ask, why one class of animals was independent and another 
dependent on the external temperature ? In fixing attention 
on the physiological differences of rapid supply and rapid 
radiation, as the real ground of distinction, we avoid the ob- 
jections just brought forward ; at the same time, inquiry into 
the cause of animal heat is disengaged from many a perplex- 
ing digression. 

The marvellous balance between supply and loss exhibit- 
ed by the human organism, and indeed by that of most 
warm-blooded animals, may be best seen in the following 
facts. Our temperature is 98°, and this is the standard, no 
matter what may be the external heat. In the tropics, the 
thermometer during several hours of the day is 110°. In 
British India it is sometimes as high as 130°. In the arctic 
zones it has been observed by our voyagers as low as 90°, 
and even 102°, below freezing-point. Nevertheless, amid 
such extensive variations of the external temperature, that 
of the human organism has but slightly varied, and a ther- 
mometer placed under the tongue of an arctic voyager will 
show the same degree of heat as one under the tongue of a 
soldier before the walls of Delhi. Throughout the scale of 
200° which represents the variations of climate borne by 
our voyagers and soldiers, the average temperature of the 
human organism remains steady at 98°. We say average 
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4)ecEtiisd the same man is not always at the same degree; his 
temperature varies at difTerent seasons, different hours, and 
under diSerent conditions ; and of course difTerent men vary 
among themselves. Dr. Livingstone remarks, " If my ex- 
periments are correct, the blood of an European is higher 
than that of an African, The bulb of the thermometer held 
under my tongue stood at 100° ; under that of the natives, 
at 98°." * This was most likely nothing more than an in 
dividual difference ; but the point is worth investigating. 

It is the opinion of M, Gavarret, who has earned the 
right to apeak with authority on this subject, that even in 
our moderate climates the temperature of the adult man 
will oscillate as much as a degree, i. e., between 36° .50 and 
ffr.50 centigrade-t 

Although the organism can endure a heat greater than its 
©wn, yet this would soon be fatal if continued. For a short 
period the excess of temperature e;m be resisted ; and it is 
astonishing what a power of resistance we possess. Cha- 
bert, the once celebrated " Fire-King," who used to exhibit 
in public, amaxed his audience by entering an oven, the heat 
of which was from 400° to 600° ; and although we have no 
details as to his own temperature when subject to that heat, 

may be sure that it could not have risen many degrees 
above 98°, otherwise he would have perished ; for the ex- 
periments of Berger and DeJaroche| prove that, when the 
temperature of animals is raised 11° or 13° above the nor- 
mal standard, they perish. Workers in iron-foundries and 
gasworks are constantly obliged to remain for some time in 
air which is as high as 250°, yet their own temperature re- 
tolerably uniform. A dog confined in a heated cham- 
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ber at SSO'-aSS", in which he remained half an Lour, wuj 
found to have gained only 7° ; and while the external tem-1 
perature stood as high as 236°, his own. stood only at 108°.. 

It thus appears that warm-blooded animals, besides thelrfl 
central source of heat, which keeps up their temperature isil 
spite of external cold, have also a cooling apparatus by f 
which their standard of heat is pi-eserved in spite of k 
eive heat outside. What is this process, which prevents the I 
equilibrium of heat, and can keep the animal temperature 1 
more than oiA hundred and fifty degrees below tliat of the J 
atmosphere 1 We can easily understand why a kettle of I 
water can be kept at boiling-point in a cold atmosphere, so I 
long as a flame is underneath it ; but how can that water ba I 
kept cold when the temperature of the air is many degrees ] 
above boiling-point 1 A man whose temperature is 98° in 1 
an atmosphere of 60°, suddenly steps into an atmospher 
200°, and yet his own warmth is scarcely elevated. The 1 
ordinary explanation of this surprising &ct is, that the evap- I 
oration and exhalation of vapour and water from the a 
face are so accelerated by the excessive heat, that they auflioe 1 
to keep t!ie man's temperature from rising. Let ua look I 
more closely into this. 

All over the surface of our bodies there are soattered I 
rnillions of minute orifices which open into the delicate ooil>4 
volnted tubes lying underneath the akin, and are called hjM 
anatomists sudoriparous glands (Fig. 33). Each of thesa^J 
tubes, when straightened, measurea about a quarter of olM 
inch ; and as, according to Erasmus Wilson, whose figures J 
we foUow, there are 3528 of these tubes on every square I 
inch of the palm of the hand, there must be no less than 883d 
inches of tubing ou such a square inch. In some parts of a 
the body the number of tubes is even greater ; in moatfl 
parts it is less. Erasmus Wilson estimates that there aril 
2800 on every square inch, on the average ; and as tba total I 
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fiumber of aunh inches is 2500, we arrive at the astounding 
result that, spread over the surface of the body, there are 
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not less than twenty-tight miles of tubiag, 
liy Rie^kua of which liquid may be secre 
tei], and given otf as vapour in ifnensible 
perspiration, or as water in aengible per 
fipiration. In the ordinary dreiimstances 
of daily life, the amount of fluid which 
is thus given oiF from the skin (and lungs) 
during the twenty-four hours, varies from 
If- lb, to 5 lb. ; under extraordinary cii^ 
[Stances the amount will of course rise 
%lionnou8ly. Dr. Southwood Smith found 
fliat the workmen in the gasworks em- 
ployed in making up the fires, and other 
occupations whieh subjected them to great 
heat, lost on an average 3 lb. 6 oz. in forty- 
five minutes ; and when working for sev- 
enty minutes in an unusually hut place, 
tiieir loss was 5 lb. 2 oz., and 4 ». 14 02. 
W Whatever stimulates the circulation of 
liflie blood at the surface will necessarily 
^crease the action of the sweat glands, A 
warm atmosphere or a warm bath imme- 
diately causes the surface-circulation to 
be increased. Muscular esertion does the muBomm; iTm ihi 
tame. That the ordinary amount of evap- tmo ikin (riernu); d 
'Oration and exhalation will be greatly cuTitrrfoTj^obBlei 
ifaised on our entrance into an atmos- 
phere of 200° is very certain ; but the question is, whether 
this amount is sufficient of itself to account for the enor- 
mous difference between the temperature of the animal 
id that of the atmosphere ? We must remember that 
only ia man's temperature more than 100° lower 
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than iron or wood in Bueh an atmosphere, but it 
tills amount lower in spile of the ineeaiianl production of 
heat taking place in his own organism, by the cheniical 
changes on wliteli vitality depends — a production of heat 
which will suffice to preserve hia temperature at, the same 
lieight, if, on quitting this atmosphere of 200°, he plunges 
into a snow-bath. For a short period a man can enter a 
furnace tBe floor of which is red-hot, the air being 350°, y«t 
liis own heat will remain two hundred and fifty degrees fieiow 
this ; and we cannot suppose that, in this brief period, he 
had lost enough heat by evaporation to prevent his own 
temperature rising. What, then, is the cause 1 We tnust 
confess inability to answer this question. For some time 
we fancied an explanation might be gained from the low- 
conducting power of the animal envelope, which would pre- 
vent the external temperature from gaining access to the 
internal organs. Wrap a jug of iee in flamie!, and the ioe 
will not melt, even in a very warm room, until a consider- 
able time has elapsed. It is on this principle that, in China, 
they bake ices. An iee ia enveloped in a crust of delicate 
pastry, and introduced into the oven. The paste is quickly 
baked, and the ice is still unmelted, having been protected 
from the heat by its envelope; and thus the epicure has 
tiie delight of biting through a burning crust, and then im> 
mediately cooling his palate with the grateful contents, But 
although the envelope of the warm-blooded animal is un- 
questionably a bad conductor, and would therefore suffice 
to account for the animal's not gettmg warmer during a 
brief exposure to high temperature, this Pxplanation faila 
when confronted with experiments which show that, duritig 
a longer exposure, the temperature has been still at its own | 
limit. The following experiment by Berger and Delaroobe 
is very instructive ; — They introduced into a furnace at 128°- 
143° a porous vase, cont^ning two wet sponges and k frog I 




The temperature of the sponges and the vase had been pre- 
I vioiisly rtused to 101°-I05° j that of the frog was 70°. At 
I &e close of the first fifteen minutes, the vase, the sponges, 
and the frog had almost an uniform temperature, which did 
not exceed that of wa/rm-hlooded atiimah ; and this wos main- 
tained pretty constant during two hours. It is remarkable 
that, to reach this standard, the vase and the a^oYtges fell in 
temperature about a degree and a half, whereas the frog rose 
, 1^9 much as twenty-nine d^rees in fifteen minutes. Bat 
I, sponges, and vase maintained themselves fi-om twenty 
to forty-five degrees below the external temperature — name- 
ly, at the temperature of warm-blooded animals. From 
1 this it would seem as if the temperature of warm-bToo^ed 
animals was the limit which could be reached by organic 
bodiea coincident with a free evaporation of wat«r from their 
eurfaces. The vase and the sponges were introduced into a 
fiimace very considerably higher than themselves in tem- 
perature ; and this excess of heat caused an evaporation of 
their water, which lowered their temperature to that point 
Tfhere the rapidly-rising temperature of the evaporating frog 
would stop. Now, although the evaporation fi'om the sur- 
&ce of the frog would have had a cooling influence from the 
first minute of the experiment, yet we see that this cooling 
influence was not great enough to withstand the rapid rise of 
the animal's temperature, until the point was reached at 
which the fall of the vase and sponges had ceased ; and this 
point ia the very limit which we find uniformly in the 
varm-blooded animals, uo matter what the external temper- 
ature may be. 

He temperature of man ia constant; neither the fluctu- 
ations of the seasons, nor the differences of latitude, bring 
any variation in his standard. No fact in science is better 
established ; but we must guard against a niiseonception, 
and add that, when this temperature is spoken of as constant, 
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it is not the heat of individual parts, nor of individnal men 
at every hour of the day or under all circumstonces, it 
average temperature of the internal organs. The limits of 
oscillation are narrow indeed, but within those limita the 
OBctllation is incessant. 1 found that, when a thermometer 
ia used which marks fractions of a degree so small as one- 
tenth, if placed in the mouth of a man or dog, it will exhibit 
an incessant oscillation ; and it is well known that very 
obvious variations occur at different periods of the day, and 
under different circumatances. Dr. John Davy found that, 
when at rest in a temperature of 37°, his own temperature 
fell as low as 96° .7 ; in a room at 92°, he found the heat of 
a workman had risen to 100°. Gierse observed that, before 
dinner, his temperature under the tongue was 98''.78, and 
after dinner, 99° .5. 

Unsophisticated Reader. — " Wc want no scientiHo 
thority for the belief that variations take place, since the 
daily complaints of our fellow-citizens, shivering or perspir- 
ing, render the fact too obvious for thermometers to be 
needed," 

Physiological Lecturer. — " Excuse me, sir ; but you do 
want scientific authority. "Without the thermometer, yon- 
cannot say whether you are warmer or colder than yon. 

JJ- R. — " What ! do you tell me I don't know when 
feel colder f " 

P. L. — " I only tell you that you don't know when yott 
are colder. "What you may feel is another question alto- 
gether. Thermometera do not measure feelings. 

U. R. — " This is too much ! You will tell me nest, 
that I onght to trust your thermometer, and distrust my 
sensations. Before venturing to light a fire in my room, 
must place a thermometer under my tongue to see if I ai 
really as cold as 1 feel ; and next July, when I am 
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you will perhaps asstu-e me that I am wrong 
,to complftin of the heat, since I am only at 98° — not a de 
'gree hotter than I was in December ! " 

P. L. — " O Unsophisticated Reader I if we are to talk 
i^enoe, let us be accurate. Tf we are to talk the language 
■Of the market and the dining-room, we shall never come to 
H dear understanding. Were you ever attacked by an 
intermittent fever ? " 

P. R. — " Yes ; and remember distinctly the vehement 
■ehivering-fit which commenced it. Perhaps you will tdl 
me I was not colder then, nor warmer when that fit disap- 
peared, and I seemed on fire, eh % " 

P, L. — " Your ironical question warns me of your in- 
credulity when 1 shall answer : No, you were not colder 
wlien you shivered under the heap of blankets which they in 
vain threw over you. You were some degrees warmer. 
The application of that thermometer, which you seem to treat 
lightly, would have shown that, whatever your sensations 
may have said, the actual heat of your skin had rd|h »ix or 
seven degrees; and when that sensation of cold was succeed- 
^ by a sensation of burning heat, the thermometer, which 
knows nothing of sensations, but measures heat only, would 
iave shown that you were really not hotter thau during the 
Wld fit." 

U. R. — " That is very staggering. But fevers are es- 
oeptional things, so let us come to ordinary life. Do you 
mean to say that, when I feel cold in winter, I an^really not 
colder than when I come in from, the walk which — accord- 
ing to my sensations — has warmed me 1 " 

P. L. — " As an Unsophisticated Reader, liable to chil- 
blains, your feet are doubtless colder and warmer under 
these two conditions ; and the thermometer placed between 
j'our toes before you walk will show a temperature of 66° 
jurhapB, while that of the air is 60° ; and after the walk, the 
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same test wUl ahow your feet to have risen as high as 96' 
But if I regard you aa a scientific datum, and think only of 
your Animal Heat as an average, I am forced to assure you 
that your temperature, variahlo in feet and hands, has re- 
mained constant in the hlood and internal organs, A ther- 
mometer under your tengue would ahow 88° beforB and 
after your walk. Exercise had increased the circulation in 
your limhs, and consequently increased the warmth of those 
parts ; hut the source of your hefiit is the Blood, and that 
has not warmed or cooled with oscrcise. Dr. John Davy 
found, after a walk in the open air at 40", that the tem- 
perature of his feet rose to 96°. 5 ; of his liands, to 97° ; 
while his tongue remained at 98°, Another day, after a 
walk in the air at 50°; his feet were 99°, his hands 9S°, and 
tongQo 08". Here the feet were even warmer than tKe 
tongue. I can now answer your question without equivoque. 
When you fee! eoldcr, it is because the circulation in your 
extremities, or at the suriace, is less active than usual, and 
either fflretcise or external warmth is necessary to restore 
that circulation ; but the temperature of your blood, and, 
consequently, of those internal parts more abundantly and 
constantly supplied with blood — in a word, your Animal 
Heat — remains unaltered." 

Our Lecturer, had he been questioned, would have stoted 
that, in spite of this remarkable constancy in animal heat, 
there are oscillations even in that of the internal organs. 
The temperature varies according to Age, Sex, Food, and 
other circumstances. We cannot, it is true, speak with any 
confidence aa to the exaet share which anyone of thesecircum- i 
stances has in the variations observed ; the case is so ct 
plex, and implies the concurrence of so many separate influ- 
ences, that considerable discrepancies will be found in 
results attained by different investigators, 'lliua the i 
jority of writers agree that in infancy the temperature la I 
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r than in maturity. A thermometer under the armpit 
new-born infant will stand nearly at 100° ; and al 
[h it falls mpidly to 95°, yet in the course of the next 
four-and-tweiity hours it will rise again to 99° ,5, Between 
I Uie ages of four months and six years, the average is 98°. 9, 
I «iid between the ages of sis and fourteen it is 99°.16. On 
i Tettding theae figures the physiologist ia tempted to see in 
them the simple expression of the fact that, during infancy 
and childhood, the growth is much more rapid than it after- 
wards is ; and this rapidity of growth implies a greater pro- 
duction of heat, beoanse a more rapid chemical action. 
Nevertheless, the extensive obfiervationa of M, Charles 
Martina* and W. F. Edwardsf disturb the simplicity of this 
explanation, and cast some doubt on it. M. Kartins, com- 
I paring the temperature of fifty-six ducks and ninety-seven 
i, finds that in infancy it is somewhat leM than in ma- 
I iurity. This fact is in direct contradiction to the physiologi- 
r cal explanation ; but it may possibly have some connection 
I with the very important fact established by W. Edwards, 
lamely, that young animals are distinguished from the adult 
£ss in the degree of heat which they attain than in their 
' irant of power to resist cold by rapid production of heat. 
I This, as we attempted to show just now, is the distinguishing 
1 (diaracteristic of what are called the warm-blooded and cold- 
I blooded animals ; and we shall now see that it is a character- 
' iBlio of Age, Edwards removed a new-born puppy from 
its mother, and left it exposed to the air at 50° -60°. It 
rapidly grew cold, until at the expiration of three hours it 
was only two or three degrees above the temperature of 
the air. A similar result was observed with new-born rab- 
bits, ia a shorter space of time. With the new-born guinea- 
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pig nothing of the kind was observed. It had a temperature ' 
equal to tiat of ita mother ; and this it preserved whether 
left with the mother or removed from her. Dogs, cats, rab- 
bits, and other warra-hlooded animals, therefore, seem in 
their earlier periods of existence to resemble the cold-blood- 
ed animals, and to be dependent on external warmth ; but 
this is not true of aU the warm-blooded classes. Edwards 
divides those classes into two groups, one of which comes 
into the world cold-blooded, the other warm-blooded. If 
we examine these groups closely, to discover some external 
sign by which they may severally be known, we find that 
one group comes into the world with its eyes closed, and the 
other with its eyes open. The reader, probably, thinks this 
sign of very small value, until we beg him further to re- 
mark that the puppy, whose temperature was so dependent 
on external warmth during the early part of its existence, 
becomes less and less so as he grows older, till at the end 
of a fortnight he is almost as capable as his parents of resist- 
ing external cold — and at this epoch hia eyes ore open. 
Thus the cold-blooded period is precisely coincident with the 
blind period, 

Ja, then. Animal lleat dependent upon vision 1 — is it in ] 
any degree regulated by vision ! The phenomena are, ii 
deed, intimately connected, but their connection is nut th&6 J 
of cause and effect : it is that of two effects determined by'l 
one cause. Animal Heat is evolved by the vital ohangcal 
which take place in the organism; and only when that or-f 
gonism bos attained a certain degree of development ha 
the power of evolving sufficient heat to resist external coW ) 
now, the development of the eyes la an indication of 
degree of development reached by the organism, w^ no I 
sooner is the animal sufficiently developed to use its eye^ I 
than it is also sufficiently developed to preserve ils normal I 
temperature. The young puppy cannot see, and is forcod| 
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ftin near its mother to be warmed by her ; but 
the '^ung guinea-pig sees perfectly well, and runs about 
seeking food for itself, It is the same with birds. Young 
sparrows, token from the nest where they were kept warm 
•by their mother and by each other, rapidly lost about 30°, 
Rslthough the external air was moderate (63°), so that their 
IWwn temperature fell to three degrees above that of the air, 
-A Bimilar result was obtained with the air at 72°. As these 
birds are bom without feathera, their loss of heat might be 
supposed to be owing to the absence of the warm covering 
which protected their parents. It is not so, however. Ed- 
'•^ards completely stripped an adult sparrow of its feathers, 
'and exposed it to air at 65°, in company with a young spar- 
row taken from the nest ; the yoimg one had the advantage 
of down, and in some parts of feathers to protect it, never- 
theless its temperature quickly fell to two or three degrees 
above that of the air, while that of the adult scarcely varied, 
and remained 36° above that of the air. Althoi|gh the 
young sparrows, and those birds which are bom imperfectly 
'developed, require the heat of the nest and of tlieir mother, 
the young chick preserves its temperature as well as the 
.grown hen ; but the chiek quits the egg in a state oftdevelop- 
ment which permits it to run about and feed itself. 

Have these facts any application to man 1 Are we bom 
ooM-blooded, like blind puppies 1 Not exactly ; yet the 
same laws are in operation in our organisms as in the or- 
ganisms of the puppy and the sparrow. Edwards relates 
that one of his patients gave birth to a seven-months child, 
with such ease that the child came before assistance could 
be got. He arrived two or three hours afterwards, and 
fotmd the child vigorous, well swaddled in clothes before a 
good fire; yet its temperature, even under these circum- 
stances, was only 90°, or five degrees below that of the 
Laverage of a child bora at the proper period. Every pre- 
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caution was taken to keep the infant warm ; had not a 
precautions been taken, it would have perished as a pi^py 
would have perished. 

Maternal instinct baa in all ages and in all ctimatea 
taught women to keep their infants warm. Philosophera 
have at varioua times tried, by logic and rhetoric, to thwart 
this instinct. Philosophy has been eloquent on the virtue 
of making infanta " hardy," and has declared that cold baths 
and slight clothing must be aa " strengthening " to the infant 
as to the adult. Listen to none of theae philosophera, ye 
mothers ! They are to be auspeetei) when they are talking 
physiology, for under such circumstances they are the worst , 
of guides, deceiving themselves and you by that, fatal fadUty 
which intellectual power gives tliem of making ignorwice 
look like knowledge, and of so speciously arraying absuT' 
dity, that it looks like plain common-senae. It is bod, very 
bad, to listen to grandm.others, mothers-in-law, and nurses : 
their IflRds are mostly mere lumber-rooms of crochets and 
absurdities ; but it is better sometimes h> listen to them 
than to philosophers who inspire more respect, and cannot 
irreverently be treated ns " old women." Matenial instinct 
must not be perverted by such unphysiological teaching aa 
that of " hardening " infants. It is true that strong infants 
can endure this process, but it is certain that in all cases it 
is more or less injurious ; for the universal law is, that the 
younger the animal, the feebler its power of rmnf in 7 cold, in 
spite of its possessing a higher temperature than the adult. 

An interesting fact is elicited by Edwards from his re- 
searches, namely, that although the younger the animal the 
leas its ability to resist cold, this peril is to a great extent J 
evaded by the comparative impunity with which the young I 
aniraaJs can be subjected to a fall ill their temperature. J 
The adult better resists external cold ■ but if the resistonoa J 
be overcome, there is greater difficulty in re-establishing the j 
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t Bornial heat. In proportion as the faculty of developing 

lases, the Jhtulty of developing it after a eonsidera- 

e fall decreases. One sees the beneficial operation of this 

a nature. The most careful bird is forced to quit her 

■ 'yonng from time to time in search of food, and during her 

absence they necessarily become colder ; if slie is absent 

long, or if the nest bo not very warm, they will undergo a 

_ loss of heat which would be perilous to an adult. But no 

mer does she return to warm them, than they regain their 

temperature with facility. 

Old people ore commonly said to have a lower temper- 

B than those of middle age ; but Dr. Davy's observa- 

Jitions do not confirm this ; he found no such diiference, nor 

vare of any evidence by which the notion can be 

tablished. It is true that cold is not so well resisted in 

^d age. Herein old age and infancy agree. 

The influence of Sex has not been much investigated ; 
yet, considering the differences in the blood and respiration 
of the sesea, we might expect to find some striking results 
dUoited from a careful comparison of temperatures. The 
I 'ctdy extensive investigations with which we are acquainted 
e those of M, Martins, previously cited ; from one hun- 
d and ten observations on ducks and drakes, he finds the 
(emperature of the females to be somewhat higher than that 
)f the males; but their temperature is also more variable, 
uiSering between individuals more tlian is the case with the 
' ffiales. Between women and men there seems to be no ap- 
preciable difference, which is the more striking from the 
known differences in their blood and respiration. 

" Food is warmth," saya the physiologist ; and in one 
is strictly true, namely, tliat Food, by rendering 
t continuance of the vital processes possible, must bring 
Ivith it the heat to be evolved in those processes. But it is 
\ mot true in the sense in which the aphorism is frequently 
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employed, namely, that Food ia the fuel which U buTDed 
for animal heat (like coke in a fiirnace), and that particular 
kinds, the so-failed Respiratory Foods, are those wo ought 
to employ as fuel. The warmth you feel after eating a 
hearty dinner is not really an increase of your temperature, 
but, a diffuiion of it to the extremities and the surface. 
Place a thermometer imder your tongue before dinner and 
after it, and you will iind that, iu spite of our sensations, the 
thermometer points to the same degree at each period. 
Yet, as this admits of another interpretation, we shall ad- 
duce the less equivocal observations of M. Martins. The 
ducks belonging to a miller near Montpellier were fed well 
on grains every morning before being turned out to enjoy 
themselves in the river, and every evening on their return 
they were fed again ; close by, there lived a poor waiter on 
the lock, who also kept ducks, but could not afford to feed 
them on grains, like his richer neighbour, so that they were 
reduced to forage for themselves. Here accident had ar- 
ranged the conditions of a good scicntifiG experiment. Liv- 
ing in the same air, the same temperature, and in the eame 
lock of the river, these two flocks differed only in respect of 
the grain on which one was daily fed. The influence of food 
would, therefore, here be manifest. What did obseratdon 
detect 1 A superiority of temperature amounting nearly to 
a degree centigrade (about 1J° Fahr. ) in favour of the well- 
fed ducks. M. Martins adds that he has smce then often 
been able to afiirm whether a bird has been well or ill-fed, 
by simply ascertaining its temperature. 

On a superficial consideration, this would ae-em to be 
convincing evidence that those physiologists are correct who 
assert " food to he warmth," in the crude sense of food be- 
ing fuel ; but closer attention will show that the evidence 
supports our view of food, bideed, M, Martins has furnish- 
ed us with irresistible evidence ; " for," as ho remarks, " vm 
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* ahall greatly deceive ourselves if we imagine that a better 
quality of food will suffice to raise the temperature in a short 
period. Two drakes, after five days of abstinence, were 
found to have a temperature of 41°. 83 centigrade (about 
107° Fahr.) ; I then fed them entirely on. bran and herbs, 

I and twenty-five days afterwards their temperature was 
■^".14 (not quite 108= Tfthr,) Two other draltes, with a 
temperature of 41°.40, were fed abundant^ on maize and 
liay ; at the end of twenty-five days of such diet their tem- 
perature was 41°. 76 " — that is to say, actually /s»s than those 
which had been Ul-fed ! This may seem to be in contradio- 
tiun with M. Martins' previous observation on the well-fed 
and ill-fed duclis ; but the contradiction is only superficial : 
the reader will notice that, althoiq^ the temperature of 
these weli-fcd draltes was actually less than that of the ill 
fcd, it was also less when the experiment begim ; and if we 
compare the rise in the temperature which took place in 
Iwtli, WQ shall find that in the ill-fed it waa only O'.SO, and 
in the weU-fed O'.SS. This difference, slight as it may 
seem, is in favour of the well-fed ; and when such slight 
elevations are continued month after month, they may, and 
will, attain a superiority ftmounting*to one degree. Al- 
though, therefore, this experiment confirms the previous ob- 
servation of the influence of generous food in elevatmg the 
degree of animal heat, it strikingly discredits the notion that 
the food is burned as fiiel in the organism. 

" Food is warmth," because food furnishes the pabulum 
of the tissues, and warmth isvsvolved in the chemiea! changes 
which go forward in the fiirmation and destruction of the 
tissues. But food is not fuel only, as some physiologists 
■would have us believe. If any thing is burnt, it is the tis- 
sues, not the food ; our warmth comes from the organic 
processes which make and unmake the tissues. The proof 
of this is seen, not only in the foregoing exp«l|ftfents, but 



even more convincingly in the experiments on starvation 
whieh Chossat and Martins have performed. We shall not 
here repeat those of Chossut, because they are well known, 
and the results are accessible in almost every text-book ; but 
those of Martins will be new to our readers, and may there- 
fore briefly be indicated. Up took four drakes, and sub- 
mitted them to several successivu periods of abstinence, sep- 
arated by periods in which they wore abnndantly fed. They 
were left in a tub of water in which to bathe, and their hab- 
its were unaltered ; nothing but the solid food was withheld 
during the days of the experiment ; and in order to avoid 
the diurnal variations of temperature from complicating tha 
problem, the thermometer was always applied at the same 
hour of each day. Tha^irds commenced the period of fasl>- 
ing with a temperature of 43° .20 (108° Fahrenheit), at the 
dose of a period of ample nourishment. 
After 24 hours' abstinence the temperature sunk to 41°, 84. 

" 48 " " " rose to 41=.S0. 

" 72 " " " »^Mto41°.81. 

" 96 " " " rose to 41'',94. 

" 120 " « " " sank to 41°.62, 

Here we see that twenty-four hours' fast have produced a 
stritiDg reduction of temperature ; and those writers who 
attribute warmth to the combustion of food may fancy thoy 
see evidence for their opinion in such a fact ; but, oa the fast 
is prolonged, the temperature does not continue falling ; it 
rises : so that, after ninety-sis hours of complete abstinence, 
the temperature has risen nearly to what it was when ths 
animni waa crammed with food. We have only to add, that 
this is in perfect accordance with the observations of Chossat 
on pigeons. It is true that, aft«r the fifth day, the tempera- 
ture suddenly sinks ; but the mere increase, as the abstinence 
is proloiuad during the first four days, ia sufficient to show 
that aninial heat is not evolved by the combustion of food. 
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Haying psamined the influence of Age, Ses, anil Food, 
we may now cast a glance at the influence of the Seastins. 
Although man preaarvea his standard of 98" in the tropics 
and in the arctic zone, he does so in virtdo of the power his 
organism possesses of adjusting itself to changing eircuui' 
Aanoea. We adjust ourselves to the changing seasons. In 
■winter we are ns warm as in summer, because in winter wo 
produce more heat, and lo«e less by evaporation and exha- 
lation. A cold day in summer is incomparably more un- 
pleasant and injurious than a day of equal temperature in 
autumn ; and the coldest day in summer would be mild to 
tiB in winter. The reason is, that in summer the dold day 
finds US unprepared. The organism during summer has 
heen adjusting itself to the production of less and less heat, 
and if a cold day now occur, we have less power of resis- 
tance ; we are somewhat in the condition of the infant animal, 
which has not yet acquired its fiill power of heat-ma](ing. 
It is on this principle that we may explain the death of am- 
mals exposed during summer to a degree of cold which in 
winter would scarcely lower their temperature. 

We are not all blessed with the same capacity for ra[^ 
idly developing heat ; we are Dot all blessed with the 
aame aclivity of the circulation. Yet each is apt to make 
himself the standard. B. shivers and complains of the cold ; 
thinks he must have the fire lighted, though it be June. C. 
is amazed that any one can possibly be cold on such a day ; 
C. is quite warm. Perhaps, after reading these pages, B, 
will learn to understand that it is quite possible for C. to be 
comfortable in this temperature ; and C. will learn to sym- 
pathise with tlie less fortunate B.'s, who shiver when he is 
wMm. The differences may arise from two causes: the 
heat-producing capacity may be less, or the circulation 
The stimulus of the eAtemal cold increases the 
activity of the organio processes in one man, and depresses 
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it in another. That this is the real cause, will appear ou 
examining the influciice of cold on tlie various ^aaaes of 
warm-blooded animals. One class — the hybematera — is ai 
incapable of resisting cold by an adequate increase of 
own temperature, that it falla into a torpor ; other classes i 
are forced to seek external warmth in nests and holes, as we 
seek it in warm clothing and heated rooms ; others, again, | 
need nothing but their own temperature. In spite of the 
active respiration of a mouse, it needs a warm nest, and, 
unless in active exercise, will perish if exposed to a temper- 
ature which we should consider moderate : we, again, should ' 
perish in a temperature which the cat or dog could endure 
without uneasiness. 

Among men there are some who resemble the mouse, ■ 
and others who resemble the cat. The slightest fall of tem- 
perature causes the first to put on warmer clothing, or to 
light the fire ; at which their robustcr friends are liberal in 
sarcastic allusions, spoken or thought, and are somewhat 
Impatient of this " coddling." These sarcastic friends are , 
the cats. 

* It is important to hear in mind, however, that this in- 
adequate production of heat does not always translate itself 
by the expression of" chilliness ; " the effect of cold^ often 
totally unlike that of a chilly sensation ; it produces a vague 
uneasiness, a feeling of depression, resulting from the lower- . 
ing of the organic activity; and many periodic forms of 
disease are probably connected therewith. Without positive 
ly " feeling cold," the person so affected need only enter a 
well-warmed apartment, to be at once aware of a reinvigor- i 
ated condition. 

There is a misconception respecting cold which may i 
here be rectified. Capt. Parry tells ua that with the thcr- | 
mometer at 55° below zero — that is to say, 87'' below 
freezing point — if no wind be stirring the hands may re- 
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m^n uncovered for & quarter of an hour without inconve- 
L lueDce; whereas with a fresh breeze, even when the ther- 
\ mometer ia at zero, few peraons can keep the hands exposed 
f without pain. Tlie fact is familiar t^ ail, that wind makes 
I the bitterness of a winter day ; and that even in summer an 
' east wind is bitter and sometimes painful. But why is it 
t Why are our sensations at variance with the ther- 
mometer ! Why do we feel the cold to lie greater on a 
■windy day ? The reason ia that we are colder ; v/&/eel the 
oold to be greater because our loss of heat is more rapid. 
The ^r is a bad conductor, and unless it be blowing upon 
UB, thus continually bringing fresh air in contact with our 
warm bodies, we produce heat fast enough to replace what 
is carried oiT; but when the air carries off heat faster than 
we can produce it, — vb^n the evaporation from our skin is 
more rapid than the replacement, then we have a continuous 
sensation of cold, because then our akin really is cold. A 
dry wind, like the east wind, is cold because it promotes a 
rapid evaporation ; a moiat wind, like the west wind, is 
warm because its moisture retards evaporation.^ 

Dr. Wataon, in his Lectures, gives a very useful caution 
^Vgwnst the readiness with which we may confound the eifects 
of long exposure to cold with those of intoxication. "There 
b too much reason to believe that poor wretches, who have 
been picked up by the constables in the streets at night during 
periods of hard frost, have been supposed to be drunk, when 
in truth they were only atupified by cold ."* 

When is cold dangerous 7 It b always dangerous when 

continuous : a dash of cold water, c 

reaction; but a continual chilline^ 

I There is a danger in wet feet, but tl 

' luiows, does not reach the sportsm; 

less he sit still with wet feet ; it 



r of cold air, produc 
I will produce disease. 
is danger, as every one 
1, or the pedestrian, un- 
is the chilliness which 
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oomes on when evaporation is not compensated by produc- 
tion of wamith, that cauaea the evil. Again, it ia dangerous 
to drink cold water after violent exercise ; but not at all 
dangeroua to drink it during the exercise, beflire the body 
bos begun to cool. The organism can withstand the moat 
sudden alterations of heat and cold, but they must be sudden, 
and the organism must be in vigour. A Russian heats him- i 
self in a vapour bath and immediately plunges into snow. 
But if he were to wait some minute* after quitting the va- 
pour bath, and allow his body to begin cooling, the snow- 
bath would probably kill him , 

Thbort op Animal Hbat. — It will be necessary to de- 
vote a few paragraphs to that theory of " Why we are 
warm, and how we keep ao," which bw obtained general so- 
ceptance. There is indeed a powerful and ever-increasing 
minority which rejects that theory, and as this minority 
seems to me to have the best of the argument, I will first 
state what the theory is, and then briefly criticise it. 

Animal Heat, it ia said, ia the effect of which Respiration 
is the cause. In Respiration, oxygen is absorbed, whict 
burns the carbon of the food into carbonie acid, and tb4 
hydrogen into water ; in these acts of oxidation, heat is 
generated, for no combination of a combustible substance 
with oxygen can take place without disengaging heat. No 
matter whether such osidationa take place in the body or 
out of it, rapidly or slowly, at a low temperature or at a 
high one, the amount of heat set free by the combination of 
a given quantity of oxygen with a given quantity of carbon 
or hydrogen, is always and everywhere the same. The oxi- 
dation of the carbon of the food will liberate precisely bb 
much heat as if, instead of being spread over a long time, , 
the combustion had taken place in a vessel of pure oxygen.. I 
Chemistry assures us of these &ots. Physiology assures ub | 
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that oxygen is incessantly absorbed in the lungs, and that 
cnrkonio acid and water are as incessantly exhaled ; and fur- 
ther assures us that, concurrently, with this absorption of 
I orygen and exhalation of carbonic acid and water, there is 
L VI amount of heat generated which would be generated by 
I *an equivalent oombustion of carbon and hydrogen out of 
I the organism. " It is obvious," says Liebig, " that the 
I amount of heat liberated must increase or diminish with the 
quantity of oxygen introduced in equal times by respiration. 
1 Those animals, therefore, which respire frequently, and con- 
jquently consume much oxygen, possess a higher tempera- 
i than others, which, with a body of equal size to be 
ted, take into the system less oxygen." 
Such is the so-called " chemical theory of Animal Heat." 
We have already seen how little confidence is to be given 
I to the notion of the food being burnt in the organism ; and 
► when, therefore, we hear " the carbon of the food " spoken of 
a passing into carbonic acid, and disengaging heat, we must, 
f we accept the theory, declare that what is burnt is the 
I .carbon of the tissues made from that food. ITie oxygen 
' vhii^ is absorbed in the lungs does not then and there com- 
bine with carbon in the blood, and generate its due amount 
I of heat ; this, which was formerly believed, is now given up 
J by all competent physiologists. In giving up this idea, we 
I inust follow the course of the osygen in the blood, until we 
detect '\t,fiagrante delicto, in the act of burning the carbon ; 
but this has hitherto escaped all research. We are m utter 
ignorance as to Iht orii/in of carbonic acid in the organUm. 
Wb have many plausible explanations as to how it may 
\ >aTiBe, but how it does arise we do not know. It is estreme- 
r doubtful, according to Robin and Verdeil, whether a«y 
<lipect oxidation of carbon takes place at all, and is quit« 
poert^n that much of the carbonic acid is not so produced,* 

■ <(T»Din.: Tram da C7Aein<e^fiaCoinlgiu,iL SSh^., ST, IBS, 409, 
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Without venturing further on ground so delicate, we will 
sum up in the words of the distinguished ohomist Regnnull:, 
who has specially studied this question ; " It was long be- 
lieved (and many chemists still helieve it) that the hoal 
produced by an animal in a given time is precisely equal to 
that which would be produced by the burning in oxygen of 1 
the same amount of carbon and hydrogen which is found in ' 
the carbonic acid and water exhaled in that time. It is very 
probable that animal heat ia entirely produced iy tht chemi- 
cal aelioiia inhieh take place in the organism, hut the phe- 
nomenon is too complex to admit of our calculating it ttf/^ 
cording to the quantity of oxygen consumed,"* The simple 
fact that the carbonic acid exhaled, at times, contains more 
oxygen than has been absorbed, although perfectly intelligi- 
ble when we remember the influence of food on the exhala- 
tion of carbonic acid, is of itself enough to destroy all con- 
iidence in such calculations. 

As an example of the heat which is formed in the organ- 
ism by the proceasea of life, not reducible to mere oxida- 
tions, let ua consider the simple fact of museulor eontraetion, 
That heat is liberated every time a muscle contracts is well ' 
known, and the experiments of Matteucci and Helmholtz t 
show tliat this heat ia quite independent of any circulation of 
the blood. The former placed several frogs' legs in a glass 
and surrounded a thermometer with them ; on irritating . 
their nerves so as to produce muscular contractions, the 
temperature rose in the glass. Now unless it be miuntained I 
that oxidation neceasarily precedes or a«sompanies every 
contraction of a muscle, it will be obvious that oxidation is | 
not the sole source of Animal Heat ; and when we reflect on j 
s amount of muscular contractions of nil kinda ] 
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which take place within the organism, we shall see that from 
this source atone a loi^o amount of heat mitst arise. The 
eamo is true of all organic processes. 

While, therefore, it ia still undecided whether carbonie 
acid and water arises in the oi^oiBin hy a process of direct 
OJtidatJOTi, the theory of Animal Heat, which is based on 
such an aasumption, must necessarily be held questionable. 
Meanwhile we may look a little closer into the evidence 
which iIonloTca that Animal Ileat is the direct product of 
Respiration, rising and falling with it, dependent on it, as 
eSect upon cause. That a mass of evidence can bo adduced 
is perfectly true, because, whatever theory we may form, 
ve must still perceive that an intimate relation necessarily 
exists between Respiration and Animal Heat ; if only on 
the ground that all vital processes are intimately related, 
ind in the organism one function ia necessarily dependent 
on another. The question, however, is not whether an inti- 
mate relation exists ; but whether the causal relation exists, 
wheHier the two phenomena are in invariable correspond- 
Aoce, the one never feeble when the other ia enei^etic — the 
one never acting after the other has ceased. 

Disregarding the mass of evidence which may bo ad- 
duced in favour of the correspondence, let us here fix our 
attention solely on aome striking exceptions. The cases are 
by no mean very rare in which a corpse has preserved a 
high temperature for many hours ; and as Eespiration must 
altogether have ceased, these cases have great significanGe 
for us. Dr. Livingstone mentions a case which came under 
his own eye, of a Portuguese lady, who died of fever at 

I three o'clock in the morning of the 26th April. " The heat 
of the body cqptinued unabated till six oVlock, when 1 was 
called in, and I found her boaom as warm as ever 1 did in a 
Uving case of fever. This continued for three hours more. 
Ab I had never seen such a case in which fever-heat confjnued 
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SO long after death, I delayed the funeral till unmiBtakable 
symptoms of dissolution occurred." Mr. George Redford 
informed me of a case which he liad under his own eye. 
A soldier given to drink, died, I forget from what cause, 
and the nest day Mr. Redford was quite startled at finding 
the body atUl warm. Dr. Bennett Dowler, of Now Orleans, 
baa likewise observed that, in many cases, the temperature 
risM after death ; and as these observations are cited by so 
eminent an authority as Professor Dungliaon, we must give 
them a credit which might perhaps be refused to the cases 
previously mentioned. Dr. Dowler found that where the 
highest temperature during life was 104° under the armpit, 
it rose to 109° in ten minutes after death ; fifteen minutes 
afterwards it was 113° in an incision in the thigh ; in one 
hour forty minutes, it was 109° in the heart. Three hours 
after all the viscera had been removed, an incision in the 
thigh showed the temperature to be 110°. 

When we remember that, even after death, proeesaea of 
grovrth and secretion have been observed to take place, 
there is nothing incredible in these eSamples of continued 
heat after death ; but we cannot see how the advocates of 
the Respiration theory reconcile such facta as the complete 
absence of Respiration during several hours, with no diminu- 
tion of Animal Heat. According to theory, the two phe- 
nomena are in. immediate dependence, the intensity of heat 
corresponding with the energy of respiration ; but hero 
there is no respiration, nor has there been any for soma 
hours, yet the heat continues to be produced. If it is said 
that the oxygen breathed during life suffices to keep up the 
oxidation after death ; the answer is, that on this reasoning 
all bodies should continue warm many hours afler death. 

There are, moreover, numerous tacts which show a , 
similar want of correspondence between the energy of respi> i 
ration and the intensity of heat. In tetanus, for exampl^] 
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the temperature has been known to rise to 110° — an 
am&ziiig height ; yet no corresponding increase of reapira. 
tion b noted. In women the enei^y of Respiration is strilt- 
jngly inferior to that of men ; according to Barral, 40 per 
cent, less. Tet, although they " burn " so much less car- 
/bon than men, their temperature is scarcely lower, if lower 
at all. We lay more stress on this fiict, because it is the 
expression of the normal condition of the organism. In all 
cases of disease there is a possibility of some totally new 
conditions which render our inferences inapplicable ; but in 
the natural breathing of ordinary men and women we may 
espect to see-the unobstructed action of the law which con- 
nects Kespiration with Animal Pleat. According to theory, 
women ought to have a very much lower temperature than 
men, for they exhale very much less carbonic acid in respi- 
ration, and must therefore "burn" loss carbon. Accord- 
ing to iact, women have as high a temperature as men. It 
looks plausible when wo read that the amount of heat liber- 
sted must increase or diminish with the quantity of oxygen 
introduced in equal times by respiration ; yet this plausi- 
bility becomes troubled when we find Animal Heat some- 
times bearing no such relation to the amount of inspired 
oxygen. The woman is aa warm as the man, with feebler 
respiration. 

"When we take a general survey of the animal kingdom, 
the correspondence between energetic respiration and high 
temperature is very striking, and affords that evidence to 
■which allusion was made just now in favour of the current 
theory. The cold-blooded animals are all feeble breathers, 
and the most energetic breathers are the warmest-blooded. 
A mollusc, a fish, a frog, a quadruped, and a bird, represent 
the various stages of this correspondence. The absorption 
of oxygen is smallest in the mollusc, and greatest in the 
bird. The mollusc has the temperature of the medium in 
16 
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which it lives, or ia so slightly raised above it that our oj 
dinary instriimeiita detect no elevation. The bird keeps a 
constant temperiiture of 110°. 

So loijg aa we content ourselves with such generalities, 
the evidence is ample. Indeed, we might, A priori, couoluda 
that a general correspondence would necesaarUy be ohserved, 
because of the general connection which two organic func- 
tions always exhibit ; but no sooner do we descend from 
generals to particulars — no sooner do we compare aninif tl B 
with each other, than the correspondence suddenly ceases to 
lend its aid to the theory. It ia true, as a general feet, that 
birds have a higher temperature and more energetic respira- 
tion than quadrupeds. It is true, moreover, as a general 
&ct, that in birds the highest temperature is found in those 
of the most energetic respiration, the active hawlc or swal- 
low being warmer thau the barn.door fowl ; but this is true 
only as a general fact : and if we continue comparing birds 
together, wo shall And that the active predatory petrel has 
miiformly a much lower temperature than the domestic duck. 
Here the correspondence suddenly fails. " If we bear in 
mind the current ideas respecting the production of aninia l 
heat," sayB Brown-SSquard, parenthetically, " there is as- 
suredly something strange in the fact that the class of birds 
to which the petrel belongs has not a higher temperature 
than we find to be the ease. The active life of these birds, 
their extreme vigour, the rapidity of their flight, their food, 
so rich in fatty principles, and the warm climate in which 
many of them live, are so many circumstances which ought 
to g^ve them a high temperature." As M, Brown-S^quord 
does not doubt the current theory, he ia inclined to attribut« 
this discrepancy to the occasional fasts which these birds are 
subject to. Being, on the whole, less well fed than domes- 
tie ducks, they are therefore, he thinks, lower in tempera- 
ture. This will doubtless have its influence ; yet difierenoes 
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in the temperatui'o of h'lrdu cannot be wholly attributed to 
for, as M, Martins finds, ducks have a higher tempera- 
ture than geese. Now, inasmuch as the goose is as well fed 
' H the duck, as well covered with feathers, and as energetic 
in respiration, we should, li priori, expect it to have a higher 
temperature than the duck, bt^cause it is a general law that 
the Bmaller the animal tho greater the rapidity with which 
, it parte with its heat ; yet the inexorable thermometer shows 
the duck to have a higher temperature than the goose. 

A mouse eats dght times as much food, in proportion 
to its size. Its a man, and its respiration is, according to Va- 
lentin,* eighteen times more energetic ; yet its temperature 
is little higher than that of man, and its power of resistance 
to cold is incomparably lower. Birds eat six to ten times 
as much as men, in proportion to weight, respire much 
more vigorously, and lose less heat by evaporation ; never- 
tlieleas, they are only a few degrees higher, and their power 
of resistance to cold is in general much less, Valentin says 
that a dog consumes twice as much oxygen as a man, in 
proportion ; yet tho difference in their temperature is very 
slight. 

These illustrations suflice to show that no invariable con- 
Btoncy can be found between Respiration and Animal Heat : 
even should the theory we are criticising ultimately turn 
out to be correct, tho objections we have urged will still 
retain their force, not, indeed, agaiost the truth of tho the- 
ory, but against its inconsiderate interpretation ; they will 
retain their value as indications of the presence oi physiolog- 
ieal conditions, and will show how varieties in the organ- 
ism modify the operation of the general physical laws ; thus 
removing the question of Animal Heat from the hands of 
the Chemist, and replacing it in tho hands of the Physiolo- 
gist. Treating the question as a physiological one, we are 

• VuxnnH : Text-Book i^f Phyiiology, (traiulited bf W. Buktoh), p. lUt. 
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forced to eonaider Animal Heat as determined by the energy 
of two processes, one of production and another of radiation. 
Some organisma produce heat more rapidly than others, and 
some part with it more rapidly. The tcnaperaturo of the 
organism will be determined by a balance of these proceasea. 
Insects produce heat with great rapidity j but they part with 
it so rapidly that their temperattire is aa low as that of the 
reptile, which prodncea heat slowly. The hybemating ani- 
mals part with their heat more rapidly than other warm- 
blooded classes — part with it too rapidly for the miUDt«- 
nancQ of their necessary warmth when the estemD tempenv- 
ture &lls, and thus, the balance being destroyed, they sink 
into the condition of cold-blooded animals. If a. young bird 
and an adult of the same species be exposed to the same 
degree of cold, although they have both the same tempera- 
ture at starting, the young bird will in a short period be 
found to have a much lower temperature than the adult, be- 
cause its production of heat has not been sufficiently rapid 
to keep pace with the loss. The physiological causes which 
determine this rapid loss in the insect, the hedgehog, and the 
young bird, have yet to be investigated, and naay at once be 
surmised to be different in each case. In the insect, the 
rapid loss is probably owing to the smallness of its size, and 
the free penetration of the air thi'ough its body. In the 
hedgehog and young bird, the actual loss may not be greater 
than in other animals of the same size ; but the effect of 
cold on their organisms may bo such as to materially retard 
those processes on which the production of heat depends. 
Bo dearly is the production of heat regulated by the general 
condition of the oi^anism, that, at different seasons of the 
year, the same organism will produce different amount* of 
heat at the same temperature. In winter, the organism is in 
its greatest heat-producing condition ; in summer at its low- 
If subjected in summer to a temperature of zero, its 
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power of resistance will bo found very inndequate to such a 
degree of cold ; whereas in winter its power of resistance is 
so groat as to make this degree of cold perfectly endurable. 
The usual explanation is, that there is a greater amount of 
oxygen contained in a similar volume of air in winter than 
in Slimmer, so that at each inspiration a greater amount of 
combustion is rendered possible. But this is unsatisfactory. 
In the first place, in winter aa in summer, the temperature 
of the mouth and lungs is constant, and the cold air entering 
would be warmed before tie oxygen reached the blood ; so 
that, unless the oxygen is in a different condition in winter 
than in summer (as some m^ntain), no solid argument con 
rest on the difference of the temperature of the air. In the 
second place, the experiments of W, Edwarda do not admit 
of being thus explained. He placed sparrows in a gloss 
Tose, the air of which was maintained at freezing point, in 
the months of February and July. This air, consequently 
Gont^ed the same amount of oxygen in each case : and aa 
the apparatus was in each case the same, and the birds the 
same, every variation in the result would be owing to the tem- 
porary conditions of the organisms. In February the tem- 
perature of the birds only fell one degree centigrade during 
the first hour, remaining stationary there during the two 
succeeding hours ; whereas in July it fell more than three 
degrees in the first hour, and continued to fall till the close 
of the third hour, when it had lost as much as six degrees. 
This experiment by no means tallies with the proposition 
laid down by Liebig, that " in different climates the 
tity of oxygen introduced into the system by respiration, 
varies oeoording to the temperature of the external air ; the 
quantity of oxygen inspired increases with the loss of heat 
by external cooling ; and the quantity of carbon or hydrogen 
necessary to combine with this oxygen must be increased in 
the same ratio ; " for, on the contrary, we see here that the 
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same temperature of the external air will at difTeront seaEona 
lower the temperature of the same hird one degree or 
degrees. The cause cannot lie in the external air and ita 
amount of o\ygen, but in the organism, and its different con- 
ditions in winter and summer. 

Has it never occurred to you, when standing beside a 
pond in early spring, that there was something paradosical 
in the fact of frogs and toads crawling at the hottom, and 
never once rising to the surface to breathe 1 They are i 
mals with lungs, and in summer live mostly on land, perish- 
ing, indeed, if unable to get out of the water from time to 
time ; yet during the whole winter, late autumn, and early 
spring, they pass their time under water. Puzzled by this 
fitct, we applied to a zoologist for on enplanation, and r 
ceived in reply one of those explanations with which the 
majority of mankind are willing to be content, namely, a 
restatement of the fact in different language. Our own 
periments and observations gave no explanation. We 
found, for instance, the two species of newt — land and wat«r 
newts — behave very differently. Both have gills when 
young, and lungs in a more developed condition. When 
the gills of the land-newt disappear, the possibility of living 
under water disappears : the animal quits the water forever, 
and you meet him on your staircase, while his companion 
the water-newt is still in the aquarium, and only occasion- 
ally thrusting his head above water. As the season ad- 
vances, the water-newt also feels the need of occasionally 
quitting the water, and he will lie basking on the bit of stone 
or wood for hours together, descending into the water as the 
coolness of evening descends. To keep him under water for 
many hours in the hot weather is to kill him. It is the sa 
with frogs and toads ; and the reason was made clear to us 
"by the experiments of W. Edwards. lie found that as long 
«a the temperature of the water is no more than filYeen or 



uxteen degrees above freezing-point (47°-48°), frogs will 
live the whole year round without once rising to the surface. 
In this condition they breathe only by the sjcin. He has 
shown the relation which surface-respiration bears to pul- 
monary respiration in these animals ; and he finds that the 
skin eshaics sufficient carbonic acid, and absorbs sufficient 
oxygen, to supply all their needs of languid life at this tem- 
perature. No sooner docs the temperature of the water 
rise, than the vital activity of the frog increases ; and with 
this increase there is a greater need of oxygen, a greater pro- 
duction of carbonic acid — in other words, a greater energy 
of Respiration, for which the skin no longer suffices, the 
lungs are called upon to do their work ; they cannot do this 
work in the water ; and if the frog be prevented from rising 
to the surface, it is prevented from breathing, and it per- 
ishes. We see this in spring. The frog, or newt, occasion- 
ally rises to expire carbonic acid, and absorb oxygen by its 
Iimgs. It then dives under the surface again. As the season 
advanccfl, the risings become more frequent, till in the hot 
weather the frog lives chiefly on land, and the newt also is 
forced to expose itself to the air. 

These facts do not accord with the hypothesis of Animal 
Heat being the direct effect of Respiration ; for we do not 
see the frogs get warmer because their Respiration has be- 
come more extensive, but their respiration, becomes more 
estfinsive because they are warmer : warmth has increased 
the activity of their vital fiinctions, and has increased Respi- 
ration, which is one of these. We know how intimately de- 
pendent the vital functions are on temperature, and in Chap. 
VI, we saw how Respiration in the cold-blooded animals 
uniformly increases in energy as the external warmth iq- 
creases, up to a certain point ; and we are therefore able to 
understand how it is that a low degree of vital activity will 
be found coincident with a feeble respiration and low tamper 
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ature, while a high degree of vital activity is coincident with 
energetic Respiration and a high temperature, without our 
being forced to admit that this coincidence impliea a direct 
causal relation between energy of Respiration and Animal 
Heat. 

In concluaion, we may say that the hypotheaia generally 
adopted respecting tLe production of Animal Heat is very 
fer from possessing the evidence demanded by science. It 
may be true ; we do not think it is true ; and we are per^ 
suaded that it is not proven. It rests on two pillars, the 
very foundations of which are insecure. The first of these 
is the chemical hypothesis of direct oxidation of the carbon 
and hydrogen. The second is the assumed invariableness 
of the relation between intensity of heat and energy of re- 
spiration. We are not warranted in affirming either of 
these propositions ; all we are warranted in affirming is this : 
Animal Heat is evolved in various chemical and physical 
changes whieh occur in the processes of life, and is couae- 
quently in direct correspondence with their energy, rising in 
intensity as they become more active, and falling as they 
fall. We have every reason to believe that o.xygen is the 
great inciter of such changes, the indispensable condition of 
vital activity ; but we have no direct evidence that these 
changes are all oxidations ; we have direct evidence that 
some of them are not oxidations, but are dependent on Re- 
spiration only as one organic process b dependent on an 
other, and as Respiration itself is dependent on them. 
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■with COPIOUS NOTES and APPENDICES, iUoetrating the His- 
tory and Get^raphj' of Herodotna, rrom tha most recent sources o( 
infortntttion ; and embodying the chief reiulta, Liatorienl and eth- 
nographical, vhicb have been obtained in the progress of Canei- 
fonn and Hierr^lyphical Diacorery. By GeoroeRahxihson, M. A., 
late Fellow and Tator of Exeter College, Oiford, assisted by CoL 
Sir Senht Eawlinbom, K. C. B., and Sir J. G. Wilkisson, F. R. 3 
4 Tola. Bto. $10. 

" TM ddighyvl old ttery-UUtr, ahe Mi iem revtrttOljl riiiUd HufaOur 
^Maory, Imnuvtrbtmprtteiatdlothtrtadenqfthi&iglith langtiiig* in 
10 uttiafSdaiy a manner a> in thtpretent vaiaaiiU edition. Though eont- 
mateed anl]/ aieuttnmgeanrinee, gnatportioni ofiieteari have tmnra- 
»ii ilfiii, ill III if ■' fi'i iiiiiii.iiiiriifii ill ijT-nrirm Trillin; lAe remarhtiU Atiyriiui 
Hieoteriei uhieh have thed lig/U IipMi tie obiBurit^ of ih*pa»ty—'A. ft. 
ClBDt. AuvncATE. 



Partiofl and tlioir Principles : a MANUAL of POLITICAL 
IHTELLIOENCE, Eibibitmg the growth and character of N«r 
tiontl Parlroa, with »a Appendix eoataining vslaable, general, 
■ad ■tatistieal inrormBtion. By Abtrue Uoluks. 1 voMimo, 

ciodi, (1. 

" t/o booJl fit puiliiM, rtlatinj! to Hit tuhjict, containt (O mtuJl «al». 
tHU information in briffipaet, to tonntnUiitfor r/ftrenw."— Et'ino Po«t 

" Thtwort UKU 0B« jrnwtfy ntidtd, iifMlaUy to tBriltn and politidama, 
)lnd\pt Ihinl tit auAor hot tueectdid admirMlj/ in Ait undtrtaKnf." —t 
LrKouBONo VmoinuN. 

" At a Imnd-boot it m'U dmttUti ht found utrfvl hy all iat*n/Ui 
Iftlienal BoUttet, and Hat in<!lmitt ail Joat filtcnu.' — Auiikv Aikit^ 



thrffarH'' it Jutt imA a eharaettrat Aliei Btnm 

- ''"■mint i* At, but an kiimiU ArI,*<FU<u t m iW y unifc, 
■Hf ami toll, to do rigU anJmtH Aa M»fa </ Omitm"— 



" This tfrf^atattaaprara and frukmaa g^ (fa taHitr wrJHmfu 
Aliti Xtak r^finttt <uW ftmjbd hg a pun mirJit^ s»d fltrjitiam am 

owl." — UlLWjLl'EEK SEKTUtU. 

Re-Statements of Christian Doctrine, in Twenty-4i 
SERU0N3. By IIuot W. BiLLon. ] toL I^to. 4M pm 
$1 ss. 

" fail HJ I li'tfi^ «/ Utftili M mMmlu, tltfnmt, mmifiM tftanait^ 
aiHIflundaamiMdiftrfi^mtimin tniimimi wa^liit wwtt 
tafti^tnt htmmtlfAfaimataiimtatatitdKlwiaii^At^iL'^ 

will m atm t t h >■ atmfU fir tmmmt^a^^ 
«!«,«&•*■ WMM Istm man <f M* i ' T i 

- Itndtmnmimaamaltmii/rd i aantAm 
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